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(54) Process for refining heat-deteriorative compound, contained in multi-component liquid 
mixture, by distillation 



(57) A heat-deteriorative compound contained in a 
liquid mixture is refined by a distillation procedure using 
a distillation column (1 ) in which a vapor fraction and a 
liquid fraction containing the heat-deteriorative com- 
poundare generatedfrom the liquid mixture, and a liquid 
film-falling reboiler (3) in which the liquid fraction falls in 
the form of liquid films along inner surfaces of a plurality 
of vertical heat-conductive pipes (13) heated to a tem- 
perature iower man ine neai-aeierioranon temperaiure 
of the heat deteriorative compound to such an extent 
that 1 to 15% by weight of the liquid fraction is evapo- 
rated per pass through the reboiler (3). the heated liquid 
fraction being returned into the distillation column (1 ) to 
generate the vapor fraction from the liquid mixture fed 
into the distillation column (1 ). 
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Description 

BACKGROUND O- INVENT ON 

" "leid of the Invents 

[0001] Tne present ■nveniicn relates to a process fc r re'-mng a heat aetenorative ccmpcunc ccntainea in a mu!t ; - 
component liquid mixture by distil.ation More particularly tre present invention relates to a process for refining a neat 
Deteriorative compound for example hydroqutnone or catechol which are consumed by thermal decomposition ther- 
mal modification or thermal polymerization when heatec ana contained in a multi-component liquid mixture by a 
specific dist. nation prcceaure by which the multi-component liquid mixture is separated at a temperature lower than 
the heal deterioration-starting temperature of the heat-aetenorative compound, into a liquid fraction containing a highe r 
boiling temperature component including the heat-detericrative compound and a vapor fraction containing a lower 
boiling temperature component which is substantially free from the heat-deteriorative compound and is removed from 
the multi-component liquid mixture 

2 Description of the Related Art 

[0002] It is known that a reduced pressure (vacuum) distillation apparatus equipped with a liquid film-failing reboiler 
attached to a distillation column is advantageous in that the liquid mixture can be distilled even under a reduced pres- 
sure while keeping the temperature of a liquid fraction accumulated in a bottom portion of the distillation column at a 
relatively low level, and is thus widely utilized for various distillations which must be carried out at a relatively low 
distillation temperature 

[0003] When the conventional distillation apparatus comprising a distillation column which may be a reduced pres- 
sure distillation column and a liquid film-falling reboiler attached to the distillation column is used to distil optionally 
under a reduced pressure a liquid mixture containing a heat-deteriorative compound and a liquid fraction generated 
in the distillation column is fed into the reboiler and falls m the form of liquid films through a plurality of heat-conductive 
pipes of the reboiler such a disadvantageous phenomenon that the failing liquid fiims are broken on portions of the 
inner surfaces of the heat conductive pipes, and thus the portions of the inner surfaces of the heat conductive pipes 
are directly exposed to the air atmosphere without being covered by the failing liquid fnm of the liquid fraction may 
occur. When the phenomenon occurs the portions of the inner surfaces not covered by the failing liquid fiims are locally 
over-heated to a higher temperature than the temperature of the other portions of the inner surfaces, and thus portions 
of the falling liquid fiims located in boundaries between the liquid film-covered portions and non-covered portions of 
the inner surfaces of the heat conductive pipes are also locally overheated to a higher temperature than that of the 
other portions Accordmalv the heat-deteriorative cnmnnunri nnntainpri in thp inr.=di V rt\/nr-hoatoH rinrtmnc r>f tho falllnn 
liquid films is thermally deteriorated to a great extent Therefore the heat deteriorative compound contained in the 
liquid mixture is converted to a high boiling temperature substance (for example, polymer), a thermally decomposed 
product or a thermally modified product, and consumed in a high proportion during the distillation procedure in the 
reooiler I n a certain case in which the resultant high boiling temperature substance, for example a polymeric substance 
deposits on and adheres to the inner surfaces of the heat conductive pipes to form scale, the resultant scale causes 
the falling of the liquid film along the inner surfaces of the heat conductive pipes to be obstructed and finally stopped 
and thus the distilling procedure must be stopped after a short time. 

[0004] For example, in a conventional process for producing an alky! ether of an aromatic dihydroxyl compound by 
an ethenfying reaction of an aromatic dihydroxyl compound, for example, hydroqumone or catechol with a lower alkyl 
alcohol for example, methyl alcohol or ethyl alcohol, the reaction product liquid comprising a lower boiling temperature 
component containing the non-reacted lower alky! alcohol and a higher boiling temperature component containing the 
non-reacted aromatic dihydroxyl compound and the resultant alkyl ether of the aromatic dihydroxyl compound is distilled 
by a conventional distillation procedure at a high temperature to collect the target reaction product and to recover the 
non-reacted compounds. In this conventional distillation procedure, the aromatic dihydroxyl compound which exhibits 
a high thermal deterioration property is concentrated and thermally deteriorated at the high temperature The thermal 
Deterioration results in a disadvantageous consumption or loss of the aromatic dihydroxyl compouna Aiso in a certain 
case, the heat-deterioration product deposits and adheres to an inner surface of a heater (or reboiler) of the distillation 
aoparatus and the continuous distilling procedure over a long time is obstructea 

[0005] Namely in the process for producing the alkyl ether of the aromatic dihydroxyl compouna. no specific method 
of refining the target aromatic dihydroxyl compound and of recovering the non-reacted lower alkyl alconoi and aromatic 
dmydorxyl compound, without heat deterioration of the aromatic dihydroxy; compouna has yet been concretely provid- 
ed. 

[0006] As mentioned above the reduced pressure (vacuum) distillation apparatus mciudmo. tne nauirj film-fahmr: 
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rcooilcr attacned to a distillation column is aavantageous in that the liquid fraction accumulated in the bottom portion 
of the distillation column can be distilled even under a reduced pressure without a need of heating to a high temperature 
Therefore the reduced pressure distillation apparatus can be used for a distillation procedure for a liquid mixture 
containing the atkyl ether of aromatic dihydroxyl compound produced by the reaction of the alkyi alcohol with the 
aromatic dihydroxyl compound. 

[0007] However, when the distillation procedure is carried out under conventional conditions, the liquid films falling 
along the inner surfaces of the heat conductive pipes of the reboiler arefrequently broken andthus the heat-deteriorative 
compound contained in the liquid film ts thermally deteriorated as mentioned hereinbefore. No specific means for 
preventing the breakage of the falling liquid films on the inner surfaces of the heat conductive pipes of the reboiler has 
been known. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention is to provide a process for refining a heat-deteriorative compound contained 
in a multi-component liquid mixture by using a distillation column and a liquid film falling reboiler attached to the distil- 
lation column and having a plurality of vertical heat-conductive pipes through which a liquid fraction generated from 
the liquid mixture in the distillation column and containing the heat-deteriorative compound falls in the form of liquid 
films along the inner surface of the vertical pipes while being heated and evaporated, in which process, local breakages 
of the liquid films on the inner surface of the vertical pipes can be prevented, to protect the heat-deteriorative compound 
in the liquid fraction from heat-deterioration in the reboiler, and thus the heat-deteriorative compound contained in the 
liquid mixture can be continuously concentrated and refined with a high stability and with a high yield over a long time 
period. 

[0009] The above-mentioned object can be attained by the process of the present invention for refining a heat- 
deteriorative compound, contained in a multi-component liquid mixture, by distillation, which comprises the steps of: 

(1) feeding a multi-component liquid mixture comprising a lower boiling temperature component and a higher 
boiling temperature component containing a heat-deteriorative compound, into a distillation column having a top 
outlet located in a top portion of the distillation column and a bottom outlet located in a bottom portion of the 
distillation column, the bottom outlet being connected to a liquid film-failing reboiler having a plurality of heat- 
conductive vertical pipes spaced from each other and arranged in a heating chamber through which a heating 
medium passes: 

(2) distilling the multi-component liquid mixture in the distillation column to generate a vapor fraction comprising 
the lower boiling temperature component and a liquid fraction comprising the higher boiling temperature compo- 
nent, in such a manner that (A) the liquid fraction is withdrawn through the bottom outlet of the distillation column 
and introduced into the reboiler to allow the introduced liquid fraction to fall in the form of films along inner surfaces 
of the vertical pipes: (B) the falling liquid fraction through the vertical pipes is heated by the heating medium passing 
through the heating chamber at a temperature lower than the heat-deterioration-starting temperature of the heat- 
d^tsnofst ive compound but sufficient to evaporate the liquid fraction to ovciporcit c 3. portion of the falling liquid 
fraction in an evaporation amount in kg/hr corresponding to 1 to 15% by weight of the total amount in kg/hr of the 
liquid fraction introduced into the reboiler per one pass of the liquid fraction through the reboiier: (C) the resultant 
evaporated and non-evaporated portions of the liquid fraction are withdrawn from the reboiler and returned into 
the distillation column through a returning inlet thereof located above the level of the liquid fraction accumulated 
in the bottom portion of the distillation column: and (D) the evaporated portion of the returned liquid fraction heat- 
exchanges to the multi-component liquid mixture fed into the distillation column to evaporate the lower boiling 
temperature component: 

(3) delivering the resultant vapor fraction comprising the lower boiling temperature component through the top 
outlet of the distillation column, while allowingthe resultant liquid fraction comprising the higher boiling temperature 
component to be accumulated in the bottom portion of the distillation column: and 

(4) recovering a portion of the liquid fraction accumulated in the bottom portion of the distillation column and com- 
prising the higher boiling temperature component containing the heat-deteriorative compound from the bottom 
portion of the distillation column. 

When the higher boiling temperature component contained in the liquid fraction recovered in the recovery step (4) 
contains, in addition to the heat-deteriorative compound, at least one organic compound having a boiling temperature 
lower than that of the heat-deteriorative compound, the process of the present invention further comprises the steps of: 

(5) feeding the recovered liquid fraction into an additional distillation column having a top outlet located in a top 
portion of the additional distillation column and a bottom outlet located in a bottom portion of the additional distillation 
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-~ ' cut.e: cc:ng connected to an additional nqu.a f ; im-faH ina reboiier navrg a c:u r a;.;y c* ^ea*.- 

conauctive .'c: Zr.: cioes soaceo 'rom eacn other and arranged in a heating chamber trvougn wmch a heatna 
^ec ur, masses 

5; ois:i ; ::no me fea :.auia fraction r tne additional aistillation column to generate a liquid fraction comonsina tne 
^eat-oeier;cra:;ve compound and a vaoo r '-action comprising tne organic compound having a lower boiling tem- 
perature tnan mat of tne neat-deteriorative compound, in such a manner that (El the liquid fraction is withdrawn 
tnrougn tne Dottom outlet of the additional aistillation column and introduced into the additional reooiler to allow 
the introduced liquid fraction to fall in tne form of films along inner surfaces of the vertical pipes of the additional 
reboiier (F) the falling liquid traction through the vertical pipes is heated by the heating medium passing through 
tne heating cnamoer at a temperature lower tnan tne heat deterioration-starting temperature of tne heat-deteno- 
r ative compound cut sufficient to evaporate the falling liquid fraction, to evaporate a portion of the falling liquid 
faction in an evaporation amount in kgmr corresponding to 1 to 1 5°o by weight of the total amount in kgmr of the 
liquid fraction introduced into the additional reboiier per one pass of the liquid fraction through tne additional re- 
boiler. (G) the resultant evaporated and non-evaporated portions of the liquid fraction are withdrawn from the 
additional reboiier and returned into the additional distillation column through a returning inlet thereof located above 
the level of the liquid fraction accumulated in the bottom portion of the additional distillation column: and (H) the 
returned evaporated portion in the additional distillation column wheat-exchanges to the recovered liquid fraction 
fed into the additional distillation column to evaporate the organic compound having the lowe r boiling temperature 
than that of the heat-deteriorative compound. 

(7) delivering the resultant vapor fraction comprising the organic compound having the lower boiling temperature 
than that of the heat-deteriorative compound through the top outlet of the additional distillation column while al- 
lowing the resultant liquid fraction comprising the heat-deteriorative compound to be accumulated in the bottom 
portion of the additional distillation column: and 

(8) recovering a portion of the liquid fraction accumulated in the bottom portion of the additional distillation column 
and comprising the heat-deteriorative compound, through the bottom outlet of the additional distillation column 

Further when the liquid fraction recovered from the additional distillation column in step (8) contains, in addition to the 
heat-detenorative compound, at least one organic compound having a higher boiling temperature than that of the heat- 
detenorative compound, the process of the present invention further comprising the steps of 

(9) feeding the recovered liquid fraction from the additional distillation column into a further additional distillation 
column having a top outlet located in a top portion of the further additional distillation column and a bottom outlet 
located in a bottom portion of the further additional distillation column, the bottom outlet being connected to a 
further additional liquid film-falling reboiier having a plurality of heat conductive vertical pipes spaced from each 
other and arranged in a heating chamber through which a heating med 

(10) distilling the fed liquid fraction in the further additional distillation column to generate a vapor fraction comprising 
the heat-deteriorative compound and a liquid fraction comprising the organic compound having the higher boiling 
temperature than that of the heat-deteriorative compound, in such a manner that (I) the liquid fraction in the further 
additional distillation column is withdrawn through the bottom outlet of the further additional distillation column and 
introduced into the further additional reboiier to allow the introduced liquid fraction to fall in the form of films along 
inner surfaces of the vertical pipes of the further additional reboiier. (J) the falling liquid fraction through the vertical 
pipes is heated by the heating medium, passing through the heating chamber at a temperature lower than the 
heat-deterioration-starting temperature of the heat-detenorative compound but sufficient to evaporate the falling 
liquid fraction, to evaporate a portion of the failing liquid fraction in an evaporation amount in kgtir corresponding 
to 1 to 1 5°o by weight of the total amount in kg/hr of the liquid fraction introduced into the further additional reboiier. 
per one pass of the liquid fraction through the further additional reboiier: (K) the resultant evaporated and non- 
evaporated portions of the liquid fraction are withdrawn from the further additional reboiier and are returned into 
the further additional distillation column through a returning inlet thereof located above the level of the liquid fraction 
accumulated in the bottom portion of the further additional distillation column: and (L) the returned evaporated 
portion in the further additional distillation column heat-exchanges to the recovered liquid fraction into the further 
additional distillation column, to evaporate the heat-detenorative compound: 

(11 ) recovering the resultant vapor containing the heat-deteriorative compound through the top outlet of the further 
additional distillation column, while allowing the resultant liquid fraction comprising the organic compound having 
higher boiling temperature than that of the heat -deteriorative compound to be accumulated in the bottom portion 
of the further additional distillation column and 

(12) discharging a portion of the liquid fraction accumulated in the bottom portion through the bottom outlet of the 
furtner additional distillation column 
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[0010] in an embodiment of the process of the present invention, 

(1) a multi-component liquid mixture comprising a lower boiling temperature component comprising at least ere 
alkyl alcohol having 1 to 20 carbon atoms and a higher boiling temperature component comprising a heat-deten- 
orative aromatic compound having two or more hydroxy! groups and at least one alkyl ether of the aromatic com- 
pound having two or more hydroxy! groups, is fed into a first distillation column having a top outlet located in a top 
portion of the first distillation column and a bottom outlet located a bottom portion of the first distillation column, 
the bottom outlet being connected to a first liquid film-falling reboiler having a plurality of heat-conductive vertical 
pipes spaced from each other and arranged in a heating chamber through which a heating medium passes; 

(2) the fed multi-component liquid mixture is distilled in the first distillation column to generate a vapor fraction 
comprising the lower boiling temperature component and a liquid fraction comprising the higher boiling temperature 
component, in such a manner that (A) the liquid fraction is withdrawn through the bottom outlet of the first distillation 
column and introduced into the first reboiler in which the introduced liquid fraction falls in the form of films along 
the inner surfaces of the vertical pipes; (B) the falling liquid fraction is heated by the heating medium passing 
through the heating chamber at a temperature lower than the heat-deterioration-starting temperature of the aro- 
matic compound having two or more hydroxy! groups but sufficient to evaporate the falling liquid fraction, to evap- 
orate a portion of the falling liquid fraction in an evaporation amount in kg/hr corresponding to 1 to 15% by weight 
of the total amount in kg/hr of the liquid fraction introduced into the first reboiler per one pass of the liquid fraction 
through the first reboiler; (C) the resultant evaporated and non-evaporated portions of the liquid fraction are with- 
drawn from the first reboiler and returned into the first distillation column through a returning inlet thereof located 
above the level of the liquid fraction accumulated in the bottom portion of the first distillation column; and (D) the 
evaporated portion of the returned liquid fraction heat-exchanges with the multi-component liquid mixture fed into 
the first distillation column to evaporate the lower boiling temperature component; 

(3) the resultant vapor fraction comprising the lower boiling temperature component is delivered through the top 
outlet of the first distillation column, while allowing the resultant liquid fraction comprising the higher boiling tem- 
perature component to accumulate in the bottom portion of the first distillation column; 

(4) a potion of the liquid fraction accumulated in the bottom portion of the first distillation column and comprising 
the higher boiling temperature component containing the heat-deteriorative aromatic di- or more hydroxyl com- 
pound is recovered through the bottom outlet of the first distillation column: 

(5) the recovered liquid fraction, which comprises the higher boiling temperature component comprising the heat- 
detenorativearomatic di- or more hydroxyl compound and the aikyiether of the heat-deteriorative aromatic com- 
pound having a boiling temperature lower than that of the heat-deteriorative compound, is fed into a second dis- 
tillation column having a top outlet located in a top portion of the second distillation column and a bottom outlet 
located in a bottom portion of the second distillation column, the bottom outlet being connected to a second liquid 
film-falling reboiler having a plurality of heat-conductive vertical pipes spaced from each other and arranged in a 
heating chamber through which a heating medium passes; 

(6) the fed liquid fraction is distilled in the second distillation column to generate a liquid fraction comprising the 
heat deteriorative aromatic compound and a vapor fraction comprising the aikyiether of the I'leaL-ueteriorativt; a \ - 
omatic compound having a lower boiling temperature than that of the heat-deteriorative aromatic compound, in 
such a manner that (E) the liquid fraction in the second distillation column is withdrawn through the bottom outlet 
of the second distillation column and introduced into the second reboiler to allow the introduced liquid fraction to 
fall in the form of liquid films along inner surfaces of the vertical pipes of the second reboiler: (F) the liquid fraction 
failing through the vertical pipes is heated by the heating medium passing through the heating chamber at a tem- 
perature lower than the heat-deterioration-starting temperature of the heat-deteriorative aromatic compound but 
sufficient to evaporate the falling liquid fraction, to evaporate a portion of the falling liquid fraction in an evaporation 
amount in kg/hr corresponding to 1 to 15% by weight of the total amount in kg/hr of the liquid fraction introduced 
into the second reboiler. per one pass of the liquid fraction through the second reboiler; (G) the resultant evaporated 
and non-evaporated portions of the liquid fraction are withdrawn from the second reboiler and returned into the 
second distillation column through a returning inlet thereof located above the level of the liquid fraction accumulated 
in the bottom portion of the second distillation column; and (H) the returned evaporated portion in the second 
distillation column heat-exchanges to the recovered liquid fraction fed into the second distillation column, to evap- 
orate the aikyiether of the heat-deteriorative aromatic compound having the lower boiling temperature than that 
of the heat-deteriorative compound; 

(7) the resultant vapor fraction comprising the aikyiether of the heat-deteriorative aromatic compound having the 
lower boiling temperature than that of the heat -deteriorative aromatic compound is delivered through the top outlet 
of the second distillation column, while allowing the resultant liquid fraction comprising the heat-deteriorative com- 
pound to be accumulated in the bottom portion of the second distillation column: and (8) a portion of the liquid 
fraction accumulated in the bottom portion of the second distillation column and comprising the heat-deteriorative 
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: ; : ::"~ccc s 'czc\'Q r cz t^o-p*- tne oct'om cure! of ! n e second aistiiisvon cc:umn 

~ r-:- 0Tcoc3: r ne r L cf t n e Drese^t .^vention. wnen tne icuia *ract;on recovered ^or^ ;ne secona distsi'atio^ co'um^ 
ccn:a-ns ;n aacrtion to tne neat-aetenorative compound at least one organic compound having a hiqner bc : iing tem- 
cerat^re man tnat of tne neat-deteriorative aromatic compound the recovered hauid fraction is further refined Dy tne 
croceo^e in whicn 

■ tne recovered liquid -fraction from the second distillation column is fed into a third distillation column having a 
tco outlet located m a top portion of the third distillation column and a bottom outlet located m a oottom portion of 
tne third distillation column tne oottom outlet being connected to a third liquid film-falling reboiler having a plurality 
of neat-conaucttve vertical pipes spaced from each other and arranged in a heating chamber through which a 
heating medium passes 

■10; the fed liquid fraction is distilled in the third distillation column to generate a vapor fraction comprising the 
neat-aetenorative compound and a liquid fraction comprising the organic compound having the higher boiling 
temoerature than that of the heat-deteriorative compound in such a manner that (I) the liquid fraction in the third 
distillation column is withdrawn through the bottom outlet of the third distillation column and introduced into the 
third reooiler to aliow the introduced liquid fraction to fall in the form of films along inner surfaces of the vertical 
pipes of the third reboiler: (J) the falling liquid fraction through the vertical pipes is heated by the heating medium 
passing through the heating chamber at a temperature iower than the heat-deterioration-starting temperature of 
the heat-detenorative compound but sufficient to evaporate the falling liquid fraction to evaporate a portion of the 
falling liquid fraction in an evaporation amount in kg/hr corresponding to 1 to 15°o by weight of the total amount in 
kg/hr of the liquid fraction introduced into the third reboiler. per one pass of the liquid fraction through the third 
reboiier. (K) the resultant evaporated and non-evaporated oortions of the liquid fraction are withdrawn from the 
tmrc reboiler and returned into the third distillation column through a returning inlet thereof located above the level 
of the liquid fraction accumulated in the bottom portion of the third distillation column: and (U the returned evap- 
orated portion in the third distillation column heat-exchanges to the recovered liquid fraction fed into the third 
distillation column, to evaporate the heat-detenorative compound: 

(11 ) the resultant vapor containing the heat-detenorative compound is recovered through the top outlet of the third 
column, while allowing the resultant liquid fraction comprising the organic compound having higher boiling tem- 
perature than that of the heat-detenorative compound to be accumulated in the bottom portion of the third distillation 
column, and 

(12) a portion of the liquid fraction accumulated in the bottom portion of the third distillation column is discharged 
through the bottom outlet of the third distillation column 

3RIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

Figure 1 is an explanatory diagram showing an embodiment of the process of the present invention for refining a 
heat-detenorative compound contained in a multi-component liquid by a distillation procedure 
Fig 2 is an explanatory diagram showing another embodiment of the process of the present invention in which 
the heat-detenorative compound contained in a liquid fraction delivered from the distillation procedure as shown 
in Fig 1 is further refined by an additional distillation procedure, and 

Fig. 3 is an explanatory diagram showing still another embodiment of the process of the present invention in which 
the heat-detenorative compound contained in a liquid fraction obtained through the distillation procedure and the 
additional distillation procedure as shown in Fig. 2 is further refined by a further additional distillation procedure 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0012] The process of the present invention can be carried out by using for example the distillation apparatus as 
shown in Fig 1 . 

[0013] In Fig 1 , a distillation apparatus 1a for the process of the present invention comprises a distillation column 1 
and a liquid film-falling reboiler 3 The distillation column 1 is provided with a top portion 1 b. a bottom portion 1 c and 
a middle portion Id located between the top and bottom portions 1b and 1c In the middle portion 1d a fractionating 
device 9 is fixed The fractionating device includes packed column type and multi-tray type fractionating devices Also, 
a liquid mixture feed line 2 for feeding a multi-component liquid mixture is connected to the middle portion 1d of the 
distillation column 1 through a middle inlet 1e 

[0014] The liquid film-falling reboiler 3 comprises a top chamber 3a a bottom chamber 3b and a heating chamber 



6 



EP 0 933 107 A1 



tormea Detween the top chamber 3a and the bottom chamber 3b and partitioned from the top chamber 3a by an 
jooer partition 3d and trom the bottom chamber 3b by an lower partition 3e 

[0015] The reboiler 3 has a plurality of heat conductive pipes 13 which are spaced from each other and vertically 
arranged in the heating chamber 3c in such a manner that the upper ends of the vertical pipes 13 open to the top 
chamber 3a and the lower ends of the vertical pipes 1 3 open to the bottom chamber 3b. The heating chamber 3c has 
an inlet located in an upper portion thereof and connected to a heating medium-supply line 1 6 through which a heating 
medium, for example, a heating oil or steam, is fed from a heating medium supply source (not shown) into the heating 
chamber 3c ; and an outlet located in a lower portion thereof and connected to a heating medium-discharge line 17 
through which the heating medium is discharged from the heating chamber 3c. 

[001 6] The distillation column 1 has a top outlet 1 f located in the top portion 1 b, and a bottom outlet Ig located in the 
bottom portion 1 c. The bottom portion Ic of the distillation column 1 is connected to the top chamber 3a of the reboiler 
3 through the bottom outlet 1 g. a delivery line 1 1 . a liquid transporting means 4, a liquid line 1 2 and a top inlet 3f iocated 
in the top chamber 3a. Also, the bottom chamber 3b of the reboiler 3 is connected to the bottom portion 1c of the 
distillation column 1 through a bottom outlet 3g located in the bottom chamber 3b, a returning line 14 and a bottom 
inlet Ih of the distillation column 1. The bottom inlet Ih is located above and close to a level of a liquid fraction 10 
generated from the multi-component liquid mixture and accumulated in the bottom portion 1c. A recovery line 8 is 
connected to the liquid line 12 at a location downstream from the liquid transporting means 4. In the top chamber 3a 
of the reboiler 3, a liquid distributing plate 18 is optionally arranged between the top inlet 3f and the open upper ends 
of the vertical pipes 13. 

[001 7] The top portion 1 b of the distillation column.. 1 is connected to a cooler 5 through the top outlet 1 f and a vapor 
fraction delivery line 15a. The cooler 5 is connected to a cooling medium-feeding line 5a and a cooling medium-dis- 
charging line 5b. Also, the cooler 5 is connected to a vapor-liquid-separating vessel 6. The separator 6 is connected 
to a vapor-delivery line 1 9 and a liquid-returning line 15. Aiso a liquid-recovery line 7 is connected to the separating 
vessel 6. 

[0018] Referring to Fig. 1 , the process of the present invention is carried out as follows. 

(1 ) A multi-component liquid mixture comprising a lower boiling temperature component and a higher boiling tem- 
perature component containing a heat-deteriorative compound is fed from a supply source thereof (not shown) 
into the middle portion Id of the distillation column 1 through a liquid mixture feed line 2 and a middle inlet le. 

(2) The fed liquid mixture is distilled in the distillation column 1 to generate a vapor fraction comprising the lower 
boiling temperature component and a liquid fraction comprising the higher boiling temperature component. The 
vapor fraction is fractionated by the fractionating device 9 arranged in the middle portion Id while passing upward 
through the fractionating device 9. and the non-evaporated liquid fraction 10 is accumulated in the bottom portion 
Ic. The distillation is carried out in the following manner. 

(A) The liquid fraction 10 is withdrawn from the bottom portion 1c through the bottom outlet Ig of the distillation 
column 1 and introduced into the reboiler 3 through the delivery line 11 . the liquid-transporting means (liquid 
pump) 4. a liquid line 1 Z ana a top inlet 3t ot tne rerjoner 3. 

(B) The introduced liquid fraction passes through the top chamber 3a and is evenly distributed, optionally 
through the liquid distributing plate 13. into the open upper ends of the vertical pipes 1 3: and falls in the form 
of liquid films along inner surfaces of the vertical pipes 1 3 Simultaneously, the falling liquid fraction films along 
the inner surfaces of the vertical pipes 13 are heated by the heating medium which is supplied through the 
supply line 16. passes through the heating chamber 3c and is discharged through the discharge line 17, at a 
temperature lower than the heat deterioration-starting temperature of the heat-deteriorative compound but 
high enough to evaporate the liquid fraction, to such an extent that a portion of the falling liquid fraction is 
evaporated in an evaporation amount in kg/hr corresponding to 1 to 15% by weight of the total amount in kg/ 
hr of the liquid fraction introduced into the reboiler 3, per pass of the liquid fraction through the reboiler 3. 

(C) The evaporated and non-evaporated portions generated from the liquid fraction and passed through the 
vertical pipes 1 3 are returned into the bottom portion 1 c of the distillation column 1 through the bottom chamber 
3b, the bottom outlet 3g. the returning line 1 4 and the bottom inlet 1 h of the distillation column 1 . The bottom 
inlet 1h is located above and close to the level of the liquid fraction accumulated in the bottom portion Ic of 
the distillation column 1 . 

(D) In the mixture returned into the bottom portion 1 c of the distillation column, the non-evaporated and returned 
liquid portion is accumulated in the bottom portion 1c of the distillation column 1 and the evaporated and 
returned vapor portion flows upward through the distillation column 1 and comes into contact with the multi- 
component liquid mixture fed into the distillation column through the middle inlet le, to exchange a heat owned 
by the vapor portion to the liquid mixture. As a result of the heat-exchange, the low boiling temperature com- 
ponent of the liquid mixture is evaporated to generate the vapor fraction, and a portion of the returned vapor 
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zz r : -o" s i^e-neo a^c mixed :| cuic traction separatee ! r cm me vapor fraction A;so the remain- 

cc r t z' 'e-umeq vaoo r cc r t:c^ ;s not nauefiea and is m.xed into the vapor fraction 

2 ■ r eso.tant vapor Traction comprising tne lower Doiiing temperature component is delivered tnrouan tne too 
o^t e; *f cf tne cistmation column 1 ana tne resultant liquid traction comprising tne nigner soiling temperature 
component containing tne heat-oetenorative compound is accumulated in the bottom portion ic of the distillation 
column 1 

■ 4) A portion of the liquid fraction accumulated in tne bottom portion 1c is recovered through the recovery tine 5 
^he recovered liquid fraction comprises tne nigh boning temperature component and thus contains the target heat- 
oeteriorative compound in an increased concentration 

[0019] The vapor fraction generated in the distillation column is refined by passing through the fractionating device 
? is aehvered from the top portion 1 b through tne top outiet If and a delivery line 1 5a and then is introduced into the 
cooler 5. In the cooler 5. the vapor fraction is cooled by a cooling medium which is fed through the line 5a and delivered 
through the line 5b. to allow a portion of the vapor fraction to be condensed. The resultant vapor-liquid mixture is 
introduced into the vapor-fiquid separating vessel 6 in which the mixture is separated into a vapor portion and a liquid 
portion A portion of the liquid portion is returned into the top portion lb of the distillation column 1 through a return 
line 15 and the remaining portion of the liquid portion is recovered through a recovery line 7. Also the vapor portion is 
oelivered from the vapor-liquid separating vessel 6 through a delivery line 19 

[0020] in the liquid film-falling reboiler as mentioned above, preferably, a liquid-distributing means 13, for example, 
a perforated plate having a plurality of holes, or a distributor is arranged in a top chamber 3a of the reboiler 3 into which 
the liquid fraction 10 is introduced from the bottom portion 1c of the distillation column 1 The liquid distributing means 
IS is located above the upper ends of the vertical pipes 13 opening to the top chamber 3a. to evenly distribute the 
introduced liquid fraction into the upper ends of the vertical pipes 1 3. The open upper ends of the vertical pipes 1 3 are 
supported by the upper partition plate 3d by which the top chamber 3a is separated from the heating chamber 3c and 
the lower end portions of the vertical pipes 1 3 are supported by the lower partition plate 3e by which the bottom chamber 
3d is separated from the heating chamber 3c The upper ends of the vertical pipes 1 3 are preferably projected upward 
in a length of 0.5 to 20 mm. more preferably 1 to 10 mm. from the upper partition plate 3d into the upper chamber 3a 
Also one or more notches may be formed in each of the open upper ends of the vertical pipes, to evenly distribute the 
liquid fraction to the open upper ends of the vertical pipes 13 and to allow the introduced liquid fraction to evenly fall 
in the form of liquid films along the inner surfaces of the vertical pipes. The lower end portions of the vertical pipes 1 3 
may be projected downward from the lower partition plate 3e into the bottom chamber 3b of the reboiler 3. 
[0021] The liquid fraction containing the higher boiling temperature component containing the heat-deteriorative com- 
pound is withdrawn from the bottom portion 1 c of the distillation column 1 through the bottom outlet fg. the liquid delivery 
line 11. and the liquid transporting means 4 and a portion of the withdrawn liquid fraction is delivered through the 
delivery line 3 and optionally introduced into an additional refining procedure to recover the heat deteriorative com- 
ponent and optionally other compounds. Also the vapor fraction generated in the distillation column 1 is withdrawn 
from the top portion 1b and optionally introduced into a refining procedure, to recover useful low boiling temperature 
compounds from the vapor fraction. 

[0022] in the process of the present invention the heat-detertorative compound contained in the multi-component 
liquid mixture preferably includes heat-sensitive organic compounds having a boiling temperature of 100 to 400°C. 
more preferably 150 to 350°C under ambient atmospheric pressure, a melting temperature of -10°C to 300°C. more 
preferably 0 to 250 3 C. and a heat deterioration-starting temperature of 150 to 400°C. more preferably 200 to 300°C. 
[0023] These heat-deteriorative compounds include aromatic mono- and di-hydroxyl compounds which may be sub- 
stituted by at least one substituent attached to the aromatic ring and selected from, for example lower alkyl groups 
having 1 to 20 carbon atoms and halogen atoms, mono- or more aromatic group (for example, phenyl) esters of aliphatic 
polycarboxylic acids : for example, diphenyl malonate. diphenyl oxalate and diphenyl carbonate; and alkyl esters of 
aromatic polycarboxylic acids, for example, alkyl esters of biphenyltetracarboxylic acid and tetraalkyl esters of pyrom- 
elhtic acid These compounds may be contained alone or in a mixture of two or more thereof in the multi-component 
liquid mixture. 

[0024] The above-mentioned non-substituted aromatic mono-or more- hydroxyl compounds include, for example, 
phenol and guaiacol which have only one hydroxyl group and catechol, hydroquinone and resorcmo! which have two 
or more hydroxyl groups The substituted aromatic mono- or more hydroxyl compounds include, for example 2-meth- 
ylcatechot. 4-methylcatechol 2-methylhydroqumone. 2-chlorocatechol and 4-chlorocatechol 

[0025] The multi-component liquid mixture to be subjected to the process of the present invention preferably contains 
the above-mentioned heat-deteriorative compounds in a content of 5% by weight or more, more preferably 1 0 to 1 00% 
by weight, still more preferably 20 to 99.5% by weight 

[0026] The multi-component liquid mixture to be subjected to the process of the present invention contains in addition 
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;o :ne neat-aetenoraiive comoound. at least one heat-stable high boiling temperature compound having a boiling tem- 
perature of 200 to 400 = C under ambient atmospheric pressure, and at least one heat-stable low boiling temperature 
compound having a boiling temperature of 50 to 200°C, more preferably 60 to 150°C under ambient atmospheric 
pressure. The multi-component liquid mixture may further contain another organic compounds which are compatible 
with the above-mentioned organic compounds, to form a liquid mixture (solution). 

[0027] In the process of the present invention, the heat-stable higher and lower boiling temperature components are 
preferably capable of dissolving the heat-deteriorative compound to form a solution, or of forming a melt solution con- 
taining the heat-deteriorative compound, and each preferably contains one or more heat-stable organic compounds 
selected from aliphatic alcohols, cycloaliphatic alcohols, ethers, ketones, glycols, aromatic carboxyltc acid ethers, 
aliphatic hydrocarbons, cycloaliphatic hydrocarbons, and aromatic hydrocarbons. 

[0028] The heat-stable organic compounds usable for the process of the present invention are preferably selected 
from organic compounds having a higher heat-stability than that of the heat deteriorative compound at a temperature 
of 1 00 to 300°C, particularly a heat-deterioration-starting temperature of 1 0 to 1 00°C above that of the heat-deteriorative 
compound, for example, include aliphatic monohydric alcohols having 1 to 20 carbon atoms, for example, methyl al- 
cohol, ethyl alcohol, n-propyl alcohol, isopropy! alcohol, butyl alcohol, aryl alcohol, hexyl alcohol, and octyl alcohol: 
aliphatic dihydric alcohols, for example, ethylene glycol; cycloaiphatic alcohols, for example, cyclohexyl alcohol: ethers, 
for example, dimethylether, diethylether, methyiethylether, methyl-isopropylether methyl-isobutyl ether and diphe- 
nylether: ketones, for example, dimethylketone. diethylketone. diphenylketone: and aliphatic carboxyltc acid esters, 
for example, oxalic acid esters, acetic acid esters, propionic acid esters and dial ky I oxalates. 

[0029] In the process of the present invention, the multi-component liquid mixture preferably comprises an aromatic 
hydroxyl compound, for example, hydroquinone or catechol, having a boiling temperature of 1 50 to 350°C : more pref- 
erably 1 B0 to 300°C. under ambient atmospheric pressure, and exhibiting a certain heat-deteriorative property at a 
temperature of 1 50 to 300°C r in a content of 50% by weight or more, and other organic compounds resistant to heat- 
detenoration and compatible with the heat-deteriorative aromatic hydroxyl compound. Preferably, the multi-component 
liquid mixture is in the form of a liquid mixture (solution) at a temperature of 100 to 300°C. 

[0030] In the process of the present invention, the liquid fraction withdrawn from the distillation column and introduced 
into the reboiler fall in the form of a plurality of liquid films along the inner surfaces of the vertical pipes. The falling 
liquid fraction through the vertical pipes is heated at a temperature lower than the heat deterioration-starting temper- 
ature and high sufficient to evaporate the liquid fraction. The evaporation procedure is controlled to such an extent that 
a portion of the falling liquid fraction is evaporated in an evaporation amount (rate) in kg/hr corresponding to 1 to 1 5%. 
preferably 1 to 10%. more preferably 1 to 7%. by weight of the total failing amount (rate) in kg/hr of the liquid fraction 
introduced intothe reboiler. perone pass of the liquid fraction through the reboiler. The controlled evaporation procedure 
■ n the reboiler is very important to prevent the heat-deterioration of the heat-deteriorative compound in the reboiler and 
to minimize breakage of the liquid films of the falling liquid fraction formed on the inner surfaces of the vertical pipes. 
[0031] In the process of the present invention, the evaporation procedure in the reboiler is carried out under the 
above-mentioned conditions and preferably the liquid films of the liquid fraction falling through the vertical pipes of the 
reboiler exhibits a Reynolds' number (Re) of 700 to 10.000. more preferably 750 to 9,000. still more preferably 800 to 
5.000. 

[0032] The heat-deterioration-starting temperature of the heat-deteriorative compound is a temperature at which, or 
higher than, the deterioration of the compound proceeds, or a temperature at which the compound is deteriorated in 
a rate of 2% by weight per hour of heating time. The falling liquid films of the liquid fraction are heated in the vertical 
pipes by a heating medium passing through the heating chamber, and converted to a mixture of "vapor portion and a 
non-evaporated liquid portion and the vapor-liquid mixture is introduced into the bottom chamber of the reboiler through 
the open lower ends of the vertical pipes. The evaporation temperature of the falling liquid films of the liquid fraction 
is represented by an average temperature of the non-evaporated liquid portion measured at the open lower ends of 
the vertical pipes 

[0033] Theoretically speaking, the heat deterioration of the heat-deteriorative compound in the falling liquid films of 
the liquid fraction in the reboiler is directly governed by the temperature of the back surfaces of the falling, tube-formed 
liquid films brought in contact with the other heating surfaces of the vertical pipes, the temperature of the evaporation 
(front) surfaces of the falling, tube-formed liquid films, or a differential temperature between the back surface temper- 
ature of the falling, tube-formed liquid films and the outer heating surface temperature of the vertical pipes. In the 
process of the present invention, the average temperature of the non-evaporated liquid portion in the form of falling 
liquid films, measured at the open lower ends of the vertical pipes is controlled to the level as mentioned above and 
represents the evaporation temperature of the falling liquid films through the vertical pipes of the reboiler 
[0034] in the process of the present invention preferably, the evaporation temperature of the falling liquid films of 
the liquid fraction in the reboiler is preferably controlled to a level of 3°C or more, more preferably 5 to 50°C. still more 
preferably 1 0 to 30°C belowthe heat-detenoration-starting temperature of the heat-deteriorative compound The evap- 
oration temperature of the falling liquid films of the liquid fraction can be established in consideration of the type and 
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,T C"5 c *"c a- o ' ^- T hi " p r eco:ier a'^a n r es cense to tne in^er cress:. r e c j t^e reoo-ic r *^c- f ow 'ate c* f~e 
a ,r act'Cn t^'ejp" : n e r eco;ier ana otner operative conditions ot tne reconer 
[0035] Wnen tne evaooration amount of tne failing rauio turns in the rebo :er oer pass of tne nauid fracfen 1^^^:" 
:-o r eoO'ier :s more :na~ '5 r o oy weight based on tne total amount of the i.auid fraction introcuced into t n e reooue r 
t'"o r^c.": of tne ^cn-evacoraieo ,.qu;a portion cecomes too smaii ana tnus tne falling films of tne no^-evacorateo 
au.o. ocmon are easily croKen the temperature of tne falling liquid turns is locahy increased and the heat ce:e r, o r ation 
c* tne neat-deteriorative compound is certainly increased. Also, wnen the evaporation amount is lower than tne aoove- 
mentioned lower limit thereof tne efficiency of tne distillation apparatus, namely tne reboiler and the distillation column 
witn resoect to tne evaporation amount is too low for oractical use and thus the Droductivity is aegraded and an eco- 
nomical disaavantage occurs 

[0036] ,n tne estaohsnment of tne dimensions of the above-mentioned distillation a Reynolds' number sRe] of the 
.iauid fiims of the liquid fraction falling along the inner surfaces of the vertical heat-conductive pipes is preferably con- 
sidered tn addition to the evaporation amount per one oass of the liquid fraction through the reboiler 
[0037] The Reynoias 1 number of the liquid films can ce calculated in accordance with equation (3) which is induced 
'rom equations (1) and (2) 

4 

Re = - •m { 1 } 

u 

(2) 



~ 4 w 

[0038] In equations (1) (2) and (3), 

Re represents a Reynolds' number of the falhng liquid film through a plurality of vertical heat-conductive pipes, 
m represents a flow rate of a liquid flowing through the pipes per unit horizontal width of the heat-conductive 
surface, in kg/m-hr 

u represents a viscosity of the fiquid in kg/m-hr. 
w represents a flow rate of the liquid in kg/hr. 

N represents the number of the vertical heat conductive pipes, and 
D represents an inner diameter of each vertical heat conductive pipe 

[0039] Namely, the Reynolds' number can be calculated from the flow rate (w kg/hr) of the liquid, the viscosity (u.: 
kg/m-hr). the number of the heat conductive pipes (N), and the inner diameter (D m) of the heat conductive pipes 
[0040] In the process of the present invention preferably the Reynolds' number (Re) of the falling liquid fiims of the 
liquid fraction passing through the reboiler is controlled to 700 to 10.000 more preferably 2.000 to 3 000 still more 
preferably 3.200 to 7.000. 

[0041] When the Reynolds' number of the liquid films falling along the inner surface of the vertical heat conductive 
pipes of the reboiler is too low. the conduction of heat from the heating medium to the liquid films through the heat- 
conductive pipes is unsatisfactory, the heat-conductive area necessary to evaporate the liquid film of a desired extent 
becomes too large the cost of the evaporation device increases, the temperature of the boundaries between the falling 
liquid films and the heat-conductive surfaces of the vertical pipes becomes too high and thus the deterioration of the 
heat deteriorative compound in the falling liquid films undesirably increases. 

[0042] In the process of the present invention, the liquid films of the liquid fraction falling along the inner surfaces of 
the vertical heat-conductive pipes of the reboiler preferably have an average liquid film thickness large enough to 
prevent the breakage of the liquid films Generally the average thickness of the falling liquid films is preferably 0 1 to 
5 mm. more preferably 0.5 to 2 mm. 

[0043] Also, when the Reynolds' number of the falling liquid films is 3.200 or more the average thickness of the falling 
liquid films can be calculated in accordance with equation (4) 
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In equation (4). 

6 represents an average thickness in m of liquid films. 
io ja represents a viscosity in kg/m-hr of the falling liquid films. 

g represents an acceleration of gravity of 1 .27 x 10 6 m/hr 2 . 
p represents a density in kg/m 3 of the falling liquid films, and 
Re represents a Reynolds' number of the falling liquid films. 

15 [0044] The refining process of the present invention for the heat-deteriorative compound by distillation is preferably 
utilized to refine the heat-deteriorative compound contained in a multi-component liquid mixture and to separate other 
components from each other. 

[0045] In the process of the present invention, when the higher boiiing temperature component contained in the liquid 
fraction recovered in the recovery step (4) contains, in addition to the heat-deteriorative compound, at least one organic 
20 compound having a boiling temperature lower than that of the heat-deteriorative compound, the recovered liquid fraction 
from the recovery step (4) is subjected to the further refining procedures comprising the steps of: 

(5) feeding the recovered liquid fraction into an additional distillation column having a top outlet located in a top 
portion of the additional distillation column and a bottom outlet located in a bottom portion of the additional distillation 

25 column, the bottom outlet being connected to an additional liquid film-falling reboiler having a plurality of heat- 

conductive vertical pipes spaced from each other and arranged in a heating chamber through which a heating 
medium passes; 

(6) distilling the fed liquid fraction in the additional distillation column to generate a liquid fraction comprising the 
heat-deteriorative compound and a vapor fraction comprising the organic compound having a lower boiling terrv 

30 perature than that of the heat-deteriorative compound : in such a manner that (E) the liquid fraction is withdrawn 

through the bottom outlet of the additional distillation column and introduced into the additional reboiler to allow 
the introduced liquid fraction to fall in the form of films along inner surfaces of the vertical pipes of the additional 
reboiier; (F) the falling liquid fraction passing through the vertical pipes is heated by the heating medium passing 
through the heating chamber at a temperature lower than the heat deterioration-starting temperature of the heat- 

35 deteriorative compound but sufficient to evaporate the falling liquid fraction, to evaporate a portion of the falling 

liquid fraction in an evaporation amount in kg/hr corresponding to 1 to 15% by weight of the total amount in kg/hr 
of the liquid fraction introduced into the additional reboiler per one pass of the liquid fraction through the additional 
reboiler; (G) the resultant evaporated and non -evaporated portions of the liquid fraction aie wiindfeiwn from ihe 
additional reboiler and returned into the additional distillation column through a returning inlet thereof located above 

40 the level of the liquid fraction accumulated in the bottom portion of the additional distillation column: and (H) the 

returned evaporated portion in the additional distillation column heat-exchanges to the recovered liquid fraction 
fed into the additional distillation column, to evaporate the organic compound having the lower boiling temperature 
than that of the heat-deteriorative compound, 

(7) delivering the resultant vapor comprising the organic compound having the lower boiling temperature than that 
45 of the heat-deteriorative compound through the top outlet of the additional distillation column ; while allowing the 

resultant liquid fraction comprising the heat -deteriorative compound to accumulate in the bottom portion of the 
additional distillation column; and 

(8) recovering a portion of the liquid fraction accumulated in the bottom portion of the additional distillation column 
and comprising the heat-deteriorative compound through the bottom outlet of the additional distillation column. 

so 

[0046] In the distilling step (6), the film of the liquid fraction falling along the inner surfaces of the vertical pipes of 
the additional reboiler preferably exhibits a Reynolds' number (Re) of 700 to 10,000, more preferably 2,000 to 3.000 
still more preferably 3.200 to 7.000. 

[0047] In the above-mentioned process of the present invention, when the liquid fraction recovered from the additional 
55 distillation column in recovery step (B) contains, in addition to the heat-deteriorative compound, at least one organic 
compound having a higher boiling temperature than that of the heat-deteriorative compound and the recovered liquid 
fraction from the recovery step (S) is further subjected to the further additional refining procedures comprising the steps 
of: 
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- 'eea ^z r ecovc r eo i-c - * r ac: :n *rom :ne additional cisMiat'on column into a furtner additional disMlahC" 
co-^n navma. a too ojve: locates in a too portion cf :ne furtne r additional distillation co;umn and a dc:;o^ cji.e: 

ocateo in a octtom portion of tne furtner additional distillation column the bottom outlet being connected to a 
; u"tne r additional liquid Mm-faiiinp reooner naving a plurality of heat conductive vertical pipes spaced from eac p 
otner and arranged in a neating cnamoer through wnicn a heating medium passes 

• 1 0? distilling me fed hauid fraction in tne further additional distillation column to generate a vapor fraction comprising 
the neat-oetericrative compound and a hauid fraction comprising the organic compound having the higher boiling 
temperature tnan that of the neat-aetenorative compound in such a manner that (I) the liquid fraction in the furtner 
additional distillation column is withdrawn tnrough the bottom outlet of the further additional distillation column and 
introduced into tne further additional reboiier to allow the introduced liquid fraction to fall in the form of films along 
inner surfaces of tne vertical pipes of the further additional reboiier; (J) the falling hauid fraction through the vertical 
Dices is heated oy the heating medium passing through tne neating chamber at a temperature lower than the heat- 
detenoration-startmg temperature of the heat-deteriorative compound but sufficient to evaporate the falling liquid 
fraction, to evaporate a portion of the falling liquid fraction in an evaporation amount in kg/hr corresponding to 1 
to 15°o by weight of the total amount in kg/hr of the liquid fraction introduced into the further additional reboiier. 
per one pass of the liquid fraction through the further additional reboiier; (K) the resultant evaporated and non- 
evaporated portions of the liquid fraction is withdrawn from the further additional reboiier and is returned into the 
further additional distillation column through a returning inlet thereof located above the level of the liquid fraction 
accumulated in the bottom portion of the further additional distillation column; and (L) the returned evaporated 
portion in the further additional distillation column heat-exchanges to the recovered liquid fraction into the further 
additional distillation column, to evaporate the heat-deteriorative compound; 

(11 ) recovering the resultant vapor containing the heat-deteriorative compound through the top outlet of the further 
additional distillation column, while allowing the resultant liquid fraction comprising the organic compound having 
a higher boiling temperature than that of the heat-deteriorative compound to accumulate in the bottom portion of 
the further additional distillation column; and 

(12) discharging a portion of the liquid fraction accumulated in the bottom portion through the bottom outlet of the 
further additional distillation column. In the distilling step (10). the liquid film of the liquid fraction falling along the 
inner surfaces of the vertical pipes of the further additional preferably exhibits a Reynolds' number (Re) of 700 to 
10 ; 000, more preferably 2.000 to 6.000, still more preferably 3.200 to 7.000. 

[0048] When the multi-component liquid mixture comprises a lower boiling temperature component and a higher 
boiling temperature component which comprises a heat-deteriorative compound and at least one organic compound 
having a boiling temperature higher than that of the lower boiling temperature component and lower than that of the 
heat-deteriorative compound, the liquid mixture is subjected to the refining process of the present invention using a 
distillation apparatus 20a and an additional distillation apparatus 30a connected to each other Referring to Fig. 2. a 
multi-component liquid mixture is fed into a middle portion of a distillation column 20 of the distillation apparatus 20a 
through a liquid mixture-feed line 21 . In the distillation column 20. the liquid mixture is separated to a vapor fraction 
and a liquid fraction. The liquid fraction is accumulated in a bottom portion of the distillation column and circulated, 
through a withdrawing line 22. a liquid transporting means (liquid pump) 24. a liquid line 29. a reboiier 23 and a returning 
line 23a, into the bottom portion of the distillation column 20 at a location close to and above the level surface of the 
liquid fraction accumulated in the bottom portion. In the reboiier 23 which has the same constitution as shown in Fig 
1 : the liquid fraction is distributed to a plurality of vertical heat-conductive pipes and falls in the form of liquid films along 
the inner surfaces of the vertical pipes. The falling liquid films of the liquid fraction are heated in the same manner as 
shown in Fig. 1 and a portion of the falling liquid fraction is evaporated in an evaporation amount in kg/hr corresponding 
to 1 to 15% by weight of the total amount in kg/hr of the liquid fraction introduced into the reboiier 23. per one pass of 
the liquid fraction through the reboiier 23. The resultant heated mixture of the evaporated vapor portion and the non- 
evaporated liquid portion of the liquid fraction is withdrawn from the reboiier 23 and introduced into the bottom portion 
of the distillation column 20 through the returning line 23a. The returned evaporated vapor portion generated from the 
liquid fraction heat-exchanges to the multi-component liquid mixture fed into the distillation column 20 to generate a 
vapor fraction comprising the lower boiling temperature component. 

[0049] The vapor fraction is delivered from the top portion of the distillation column 20 through a delivery line 25a 
and introduced into a cooler 25. The resultant cooled vapor/liquid mixture is introduced into a vapor/liquid separator 
26. The separated vapor is delivered from the separator 26 through a delivery line 29a and a portion of the separated 
liquid is returned into the top portion of the distillation column 20 through a returning line 25b Also, the remaining 
portion of the separated liquid is recovered from the separator 26 through a recovery line 27 

[0050] Further, a portion of the liquid fraction withdrawn from the bottom portion of the distillation column 20 is re- 
covered through a recovery line 28 connected to a liquid line 29 at a location downstream from the liquid-transporting 
means (liquid pump) 24 
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[0051] Trie recovered liquid fraction trom the distillation apparatus 20a through the recovery line 26 is supplied to 
np additional distillation apparatus 30a Namely, the recovered liquid traction is fed into a middle portion of an additional 
distillation column 30 through a feed line 31 The fed liquid is a liquid mixture comprising the higher boiling temperature 
component which comprises the heat-deteriorative compound and at least one organic compound having a boiling 
~~ temperature lower than that of the heat-deteriorative compound. 

[0052] In the additional distillation apparatus 30a shown in Fig. 2. the fed liquid mixture is distilled as follows. 
[0053] In the additional distillation column 30, the fed liquid mixture is separated into a vapor fraction comprising the 
organic compound having a boiling temperature lowerthan that of the heat-deteriorative compound and a liquid fraction 
comprising the heat-deteriorative compound. 

■o [0054] The liquid fraction is accumulated in a bottom portion of the additional distillation column 30 and circulated 
through a withdrawing line 32. a liquid-transporting means (liquid pump) 34, a liquid line 39. an additional reboiler 33 
and a returning line 33a, into the bottom portion of the additional distillation column 30 at a location close to and above 
the level surface of the liquid fraction accumulated in the bottom portion of the additional distillation column 30. In the 
additional reboiler 33 which has the same constitution as shown in Fig. 1 , the liquid fraction withdrawn from the additional 

is distillation column 30 is distributed to a plurality of vertical heat-conductive pipes and falls in the form of liquid films 
along the inner surfaces of the vertical pipes. The falling liquid films of the liquid fraction are heated in the same manner 
as shown in Fig. 1 and a portion of the falimg liquid fraction is evaporated in an evaporation amount in kg/hr corre- 
sponding to 1 to 1 5% by weight of the total amount in kg/hr of the liquid fraction introduced into the additional reboiier 
33, per one pass of the liquid fraction through the additional reboiler 33. The resultant heated mixture of the evaporated 

20 vapor portion and the non-evaporated liquid portion of the liquid fraction is withdrawn from the additional reboiler 33 
and introduced intothe bottom portion of the additional distillation column 30 through the returning line 33a. The returned 
evaporated vapor portion generated from the liquid fraction heat-exchanges to the liquid mixture fed into the additional 
distillation column 30 to generate a vapor fraction comprising the organic compound having a lower boiling temperature 
than that of the heat-deteriorative compound. 

25 [0055] The vapor fraction is delivered from the top portion of the additional distillation column 30 through a delivery 
line 35a and introduced into a cooler 35. The resultant cooled vapor/liquid mixture is introduced into a vapor/liquid 
separator 36. The separated vapor is delivered from the separator 36 through a recovery line 39a, the separated liquid 
is recovered from the separator 36 through recovery line 37. Optionally a portion of the separated liquid is returned 
into the top portion of the additional distillation column 30 through a returning line 35b. 

30 [0056] Further a portion of the liquid fraction withdrawn from the bottom portion of the additional distillation column 
30 is recovered through a recovery line 33 connected to a liquid line 39 at a location downstream from the liquid- 
transporting means (liquid pump) 34. 

[0057] The vapor portion delivered through the delivery line 39a is discharged to the ambient atmosphere, or burnt 
in the ambient atmosphere, or is transported to a vacuum pump. The liquid portion recovered through the recovery 
^5 ime 37 may be fed into a fractionation procedure to fractionate the liquid portion and to recover the resultant individual 
compounds. 

[0058] When the delivered liquid portion from the recovery line 37 contains the heat-deteriorative compound, the 
delivered liquid portion may be fed into a further additional lufininy procedure. 

[0059] Also, when the liquid fraction recovered from the bottom portion of the additional distillation column 30 through 
40 the recovery line 33 in step (S), contains, in addition to the heat-deteriorative compound, at least one organic compound 
having a higher boiling temperature than that of the heat-deteriorative compound, the recovered liquid fraction from 
step (S) is further refined by the following steps (9) to (12). 

(9) The recovered liquid fraction from the additional distillation column is fed into a further additional distillation 
45 column having a top outlet located in a top portion of the further additional distillation column and a bottom outlet 

located in a bottom portion of the further additional distillation column, the bottom outlet being connected to a 
further additional liquid film-tailing reboiler having a plurality of heat conductive vertical pipes spaced from each 
other and arranged in a heating chamber through which a heating medium passes 

(10) The fed liquid fraction in the further additional distillation column is distilled to generate a vapor fraction com- 
50 prising the heat-deteriorative compound and a liquid fraction comprising the organic compound having the higher 

boiling temperature than that of the heat-deteriorative compound, in such a manner that (I) the liquid fraction in 
the further additional distillation column is withdrawn through the bottom outlet of the further additional distillation 
column and introduced into the further additional reboiler to allow the introduced liquid fraction to fall in the form 
of films along inner surfaces of the vertical pipes of the further additional reboiler: (J) the falling liquid fraction 
55 passing through the vertical pipes is heated by the heating medium passing through the heating chamber at a 

temperature lower than the heat-deterioration-starting temperature of the heat-deteriorative compound but suffi- 
cient to evaporate the falling liquid fraction, to evaporate a portion of the falling liquid fraction in an evaporation 
amount in kg/hr corresponding to 1 to 15% by weight of the total amount in kg/hr of the liquid fraction introduced 
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~:c \--e '^^c- aodtio^a! ^eoc:er oe r one oass o f :ne nauic traction througn the furtner aaditional reooile r (K» tne 
'GS-.:ant evaoo-ated anc non-evaporated oomcns of the liquid fraction are withdrawn from the furtner additions: 
r eoc;ier ana are returned in tc tne furtner additional distillation column through a returning inlet thereof located 
aoove the level of tne liquid fraction accumulated in tne bottom portion of the furtner additional distillation column 
a~q _j tne r o:umed evaporated portion in :ne furtner additional distillation column heat-exchanges with the recov- 
ered liquid fraction into tne furtner additional distillation column, to evaporate tne heat-deteriorative compound. 

■ 1 ) Tne resultant vaoor containing tne neat-deteriorative compound is recovered through the top outlet of the 
''urther aaditional distillation column whiie allowing the resultant liquid fraction comprising the organic compound 
naving higner boning temperature than tnat of tne heat-deteriorative compound to accumulate in the bottom portion 
of the further additional distillation column. 

12) A portion of the liquid fraction accumulated in the bottom portion is discharged through the bottom outlet o f 
tne further additional distillation column Referring to Fig 3 when the multi-component liquid mixture comprises 
a lower boiling temperature component and a higher boiling temperature component which comprises a heat- 
oetenorattve compound, at least one organic compound (A) having a boiling temperature lower than that of the 
heat-deteriorative compound and at teast one organic compound (B) having a boiling temperature higher than that 
of the heat deteriorative component the multi-component liquid mixture is fed into the distillation apparatus 20a 
and is distilled therein by the above-mentioned procedures. The resultant vapor portion comprising the lower boiling 
temperature component ts delivered from the top portion of the distillation column 20. 

[0060] The resultant liquid fraction is circulated through the reboiler 23 by the above-mentioned procedures and a 
portion of the liquid fraction is recovered from the bottom portion of the distillation column 20 

[0061] The recovered liquid fraction is fed into the additional distillation apparatus 30a and separated into a vapor 
fraction comprising the lower boiling temperature compound (A) and a liquid fraction comprising the heat-deteriorative 
compound and the higher boiling temperature compound (B) by the above-mentioned procedures. A portion of the 
vapor fraction is recovered from the top portion of the additional distillation column 30 and the remaining portion is 
returned into the top portion of the additional distillation column The liquid fraction is circulated through the additional 
refiner 33 by the same procedures as mentioned above. 

[0062] A portion of the liquid fraction generated in the additional distillation column 30 is recovered from the bottom 
portion of the additional distillation coJumn 30 through the recovery line 33. 

[0063] The recovered liquid fraction is a liquid mixture comprising the heat-deteriorative compound and the higher 
boiling temperature compound (B). 

[0064] The liquid mixture is fed into a middle portion of a further additional distillation apparatus 40a through a feed 
line 41 

[0065] In the further additional distillation apparatus 40a in Fig. 3. the fed liquid mixture is further distilled as follows. 
[0066] In the further additional distillation column 40. the fed liquid mixture is separated into a vapor fraction com- 
prising the heat-deteriorative compound and a liquid fraction comprising the higher boiling temperature compound (B). 
[0067] The liquid fraction is accumulated in a bottom portion of the further additional distillation column 40 and cir- 
culated, through a withdrawing line 42 ; a liquid-transporting means (liquid pump) 44. a liquid line 49, a further additional 
reboiler 43 and a returning line 43a, into the bottom portion of the further additional distillation column 40 at a location 
close to and above the level surface of the liquid fraction accumulated in the bottom portion of the further additional 
distillation column 40. In the further additional reboiler 43 which has the same constitution as shown in Fig 1 the liquid 
fraction withdrawn from the further additional distillation column 40 is distributed to a plurality of vertical heat-conductive 
pipes and falls in the form of liquid films along the inner surfaces of the vertical pipes The falling liquid films of the 
liquid fraction are heated in the same manner as shown in Fig. 1 and a portion of the falling liquid fraction is evaporated 
in an evaporation amount in kg/hr corresponding to 1 to 1 5% by weight of the total amount in kg/hr of the liquid fraction 
introduced into the reboiler 43. per one pass of the liquid fraction through the further additional reboiler 43 The resultant 
heated mixture of the evaporated vapor portion and the non-evaporated liquid portion of the liquid fraction is withdrawn 
from the further additional reboiler 43 and introduced into the bottom portion of the further additional distillation column 
40 through the returning line 43a The returned evaporated vapor portion generated from the liquid fraction heat-ex- 
changes with the liquid mixture fed into the further additional distillation column 40 to generate a vapor fraction com- 
prising the heat-deteriorative compound. 

[0068] The vapor fraction is delivered from the top portion of the further additional distillation column 40 through a 
delivery line 45a and introduced into a cooler 45 The resultant cooled vapor/liquid mixture is introduced into a vapor/ 
liquid separator 46 The separated vapor is delivered from the separator 46 through a delivery line 49a The separated 
liquid comprising the heat-deteriorative compound is recovered from the separator 46 through a recovery line 47 
Optionally, a portion of the separated liquid is returned into the top portion of the further additional distillation column 
40 through a returning line 45b 

[0069] Further, a portion of the liquid fraction withdrawn from the bottom portion of the further additional distillation 
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column 40 is recovered througn a recovery line 48 connected to a liquid line 49 at a location downstream trom the 
'iquid-transportina means (liquid pump) 44 

[0070] The vapor portion delivered through the delivery line 49a is discharged to the ambient atmosphere, or burnt 
m the ambient atmosphere, or is transported to a vacuum pump. The liquid portion recovered through the recovery 
^ line 47 and comprising the heat-deteriorative compound may be fed into a refining procedure. 

[0071] The liquid portion delivered through the recovery line 43 is optionally fed into a fractionation procedure to 
recover the individual components. When the delivered liquid fraction from the recovery fine 48 contains the heat- 
deteriorative compound, the delivered liquid fraction may be fed into a further additional recovery procedure for the 
heat-deteriorative compound. 

io [0072] In the further additional reboiler 43. the falling liquid films formed on the inner surfaces of the vertical heat 
conductive pipes preferably exhibit a Reynolds' number (Re) of 700 to 10,000, more preferably 2.000 to 8,000, still 
more preferably 3.200 to 7,000. 

[0073] The process of the present invention can be utilized to separate a multi-component liquid mixture comprising 
a heat-deteriorative compound and other organic compounds into individual compounds by distillation-refining proce- 
ss dures. Particularly, the process of the present invention is useful for distilling a multi-component liquid mixture obtained, 
as a reaction product-containing liquid, by reacting an aromatic polyhydroxyl compound, for example, catechol, with a 
lower alkyl alcohol, for example, methyl alcohol, and comprising non-reacted lower alkyl alcohol, for example, methyl 
alcohol, non-reacted aromatic polyhydroxyl compound, for example, catechol, monoalkyl ether of the aromatic poly- 
hydroxyl compounds, for example, guaiacol, and by-product compounds, to recover the above-mentioned individual 
20 compounds separated from each other. For this distillation, the apparatus shown in Fig 2 and comprising a distillation 
apparatus 20a and an additional distillation apparatus 30a are connected to each other. 

[0074] In an embodiment of the present invention, the multi-component liquid mixture may be supplied from a reaction 
of a lower alkyl alcohol having 1 to 4 carbon atoms with an aromatic compound having two or more hydroxyl groups, 
to produce an alkyl ether of the aromatic di- or more hydroxyl compound. The resultant multi-component liquid mixture 
25 comprises a lower boiling temperature component comprising the non-reacted lower alkyl alcohol, and a higher boiling 
temperature component comprising the non-reacted aromatic di- or more hydroxyl compound which is heat-deterio- 
rative and at least one alkyl ether of the aromatic di- or more hydroxyl compound which ether has a lower boiling 
temperature than the aromatic di- or more hydroxyl compound. From the multi-component liquid mixture, the heat- 
deteriorative aromatic di- or more hydroxy! compound is refined by the procedures as shown in Figs. 1 and 2. 

30 

(1) The multi-component liquid mixture is fed into a middle portion of a first distillation column 20 having a top 
outlet located in a top portion of the first distillation column 20 and a bottom outlet located a bottom portion of the 
first distillation column 20, the bottom outlet being connected toa first liquid film-falling reboiler 23 having a plurality 
of heat-conductive vertical pipes spaced from each other and arranged in a heating chamber through which a 

35 heating medium passes, as shown in Fig. 2, through a feed line 21 . 

(2) The fed multi-component liquid mixture is distilled in the first distillation column 20 to generate a vapor fraction 
comprising the lower boiling temperature component and a liquid fraction comprising the higher boiling temperature 
component, in such a manner that (A) the liquid fraction is withdrawn through the bottom outlet of the first uisiiiiaiion 
column 20. a delivery line 22, a liquid transporting means 24 and a liquid line 29. and introduced into the first 

40 reboiter 23 in which the introduced liquid fraction falls in the form of films along the inner surfaces of the vertical 

pipes as shown in Fig. 1 , (B) the falling liquid fraction is heated by the heating medium passing through the heating 
chamber at a temperature lowerthan the heat-deterioration-starting temperature of the aromatic compound having 
two or more hydroxyl groups but sufficient to evaporate the failing liquid fraction, to evaporate a portion of the 
falling liquid fraction in an evaporation amount in kg/hr corresponding to 1 to 1 5% by weight of the total amount in 

45 kg/hr of the liquid fraction introduced into the first reboiler 23. per one pass of the liquid fraction through the first 

reboiler 23; (C) the resultant evaporated and non-evaporated portions of the liquid fraction are withdrawn from the 
first reboiler 23 and returned into the first distillation column 20 through a returning line 23a and a returning inlet 
of the first distillation column located above the level of the liquid fraction accumulated in the bottom portion of the 
first distillation column 20: and (D) the evaporated portion of the returned liquid fraction heat-exchanges with the 

50 multi-component liquid mixture fed into the first distillation column 20 to evaporate the lower boiling temperature 

component, containing the lower alkyl alcohol. 

(3) The resultant vapor fraction comprising the lower boiling temperature component is delivered by a delivery line 
25a through the top outlet of the first distillation column 20. while allowing the resultant liquid fraction comprising 
the higher boiling temperature component to be accumulated in the bottom portion of the first distillation column 

55 20 The delivered vapor fraction through the delivery line 25a is cooled by a cooler 25 to convert the vapor fraction 

to a vapor/liqutd mixture The vapor/liquid mixture is introduced into a vapor/liquid separator 26 to separate a liquid 
portion comprising mainly the lower alkyl alcohol and a vapor portion. The liquid portion is recovered through a 
recovery line 27 Optionally, a portion of the liquid portion is returned into the top portion of the first distillation 
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: :■ 22 ;- r c uon a r e: urni^c. me 25c Tne vaoor portion is discharged througn a discharge Ime 2? 
- A :c:.cn o f tne nauid fraction accumulated in tne pottom portion cf tne first distillation column 20 and cc~o r is.n; 
;~e n.aner oci.ing temperature component containing tne heat-detenorative aromatic o or more hyaroxyi comoo- 
-e^: ;s recovered tnrougn tne oottom outiet of the first distillation column 20 and a delivery ttne 25 
5 >e r ecovered liquid fraction wnicn comprises the nigner polling temperature component comprising the heat- 
oetenorative aromatic di- or more nydroxyl compound and tne alky I ether of the heat-detenorative aromatic com- 
pound having a boiling temperature lower than that of the heat-detenorative compound is fed into a middle portion 
c ; a second distillation column 30 having a top outiet located in a top portion of the second distillation column 30 
ana a bottom outlet located in a bottom portion of tne second distillation column 30. the bottom outlet being con- 
nected to a second liquid film-falling reooiler 33 having a plurality of heat-conductive vertical pipes spaced from 
eacn otner and arranged in a heating chamber through which a heating medium passes through a feed line 31 
■5;. The fed liquid fraction is distilled in the second distillation column 30 to generate a liquid fraction comprising 
tne neat-deteriorative aromatic compound and a vapor fraction comprising the alkyl ether of the heat-detenorative 
aromatic compound having a lower boiling temperature than that of the heat-detenorative aromatic compound in 
such a manner that (E) the liquid fraction in the second distillation column is withdrawn through the bottom outiet 
of the second distillation column 30, a delivery line 32, a liquid transporting means 34 and a liquid line 39. and 
introduced into the second reboiler 33 to allow the introduced liquid traction to fall in the form of liquid films along 
inner surfaces of the vertical pipes of the second reboiier: (F) the falling liquid fraction through the vertical pipes 
is heated by the heating medium passing through the heating chamber at a temperature lower than the heat- 
detenoration-starting temperature of the heat-detenorative aromatic compound but sufficient to evaporate the fall- 
ing liquid fraction, to evaporate a portion of the falling liquid fraction in an evaporation amount in kg/hr corresponding 
to 1 to 1 5°o by weight of the total amount in kg/hr of the liquid fraction introduced-into the second reboiier 33. per 
one pass of the liquid fraction through the second reboiier 33; (G) the resultant evaporated and non-evaporated 
portions of the liquid fraction are withdrawn from the second reboiier 33 and returned into the second distillation 
column 30 through a returning inlet thereof located above the level of the liquid fraction accumulated in the bottom 
portion of the second distillation column: and (H) the returned evaporated portion in the second distillation column 
heat-exchanges with the recovered liquid fraction fed into the second distillation column 30. to evaporate the alkyl 
ether of the heat-detenorative aromatic compound having the lower boiling temperature than that of the heat- 
detenorative compound. 

(7) The resultant vapor fraction comprising the alkyl ether of the heat-detenorative aromatic compound having the 
lower boiling temperature than that of the heat-detenorative aromatic compound is delivered through the top outlet 
of the second distillation column 30 r while allowing the resultant liquid fraction comprising the heat-detenorative 
aromatic compound to be accumulated in the bottom portion of the second distillation column 30 The delivered 
vaoor fraction through the delivery line 35a is cooled by a cooler 35 to convert the vapor fraction to a vapor/liquid 
mixture The vapor/liquid mixture is introduced into a vapor/liquid separator 36 to separate the vapor portion and 
the liquid portion comprising the alkyl ether of the he at -deteriorative aromatic hydroxyl compound, from each other 
The separated vapor portion is discharged through a delivery ime 39, and the separated liquid portion is recovered 
through a recovery line 37. Optionally a portion of the separated liquid portion is returned into the top portion of 
the second distillation column 30 through a returning ime 35b. 

(8 ) a portion of the liquid fraction accumulated in the bottom portion of the second distillation column 30 and com- 
prising the heat-detenorative aromatic compound is recovered through the bottom outlet of the second distillation 
column 30 through a recovery line 33. In the above-mentioned embodiment, the liquid fraction recovered from the 
second distillation column 30 contains, in addition to the heat-detenorative aromatic hydroxyl compound, at least 
one organic compound having a higher boiling temperature than that of the heat-detenorative aromatic compound 

(9) The recovered liquid fraction from the second distillation column 30 is fed into a middle portion of a third dis- 
tillation column 40 having a top outlet located in a top portion of the third distillation column and a bottom outlet 
located in a bottom portion of the third distillation column, the bottom outlet being connected, to a third liquid film- 
falling reboiier 43 having a plurality of heat conductive vertical pipes spaced from each other and arranged in a 
heating chamber through which a heating medium passes, as shown in Fig. 1 . through a feed line 41 

(10) The fed liquid fraction is distilled in the third distillation column 40 to generate a vapor fraction comprising the 
heat-deteriorative aromatic compound and a liquid fraction comprising the organic compound having the higher 
boiling temperature than that of the heat-detenorative aromatic compound, in such a manner that (!) the liquid 
fraction in the third distillation column 40 is withdrawn through the bottom outlet of the third distillation column 40, 
a delivery line 42. a liquid transporting means 44 and a liquid line 49 and introduced into the third reboiier 43 to 
allow the introduced liquid fraction to fall in the form of liquid films along inner surfaces of the vertical pipes of the 
third reboiier (J) the falling liquid fraction through the vertical pipes is heated by the heating medium passing 
through the heating chamber at a temperature lower than the heat-deterioration-starting temperature of the heat- 
detenorative aromatic compound but sufficient to evaporate the falling liquid fraction to evaporate a portion of the 
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failing liquid traction in an evaporation amount in kg/hr corresponding to 1 to 15% by weight of the total amount in 
kg nr of the liquid fraction introduced into the third reboiler, per one pass of the liquid fraction through the third 
reboiier: f K) the resultant evaporated and non-evaporated portions of the liquid fraction is withdrawn from the third 
reboiler 43 and returned into the third distillation column 40 through a returning inlet thereof located above the 
level of the liquid fraction accumulated in the bottom portion of the third distillation column; and (L) the returned 
evaporated portion in the third distillation column heat-exchanges to the recovered liquid fraction fed into the third 
distillation column 40, to evaporate the heat-deteriorative aromatic compound. 

(11) The resultant vapor fraction containing the heat-deteriorative aromatic compound is recovered through the 
top outlet of the third distillation column 40. while allowing the resultant liquid fraction comprising the organic com- 
pound having higher boiling temperature than that of the heat-deteriorative compound to be accumulated in the 
bottom portion of the third distillation column 40. The vapor fraction delivered through the delivery line 35a is 
introduced into a cooler 45 and is converted to a vapor/liquid mixture. The vapor/liquid mixture is introduced into 
a vapor/liquid separator 46. The separated vapor portion is discharged through a delivery line 49. The separated 
liquid portion comprising the heat-deteriorative aromatic di- or more hydroxyl compound is recovered through a 
recovery line 47. Optionally, a portion of the separated liquid portion is returned into the top portion of the third 
distillation column 40 through a returning line 45b. 

(12) A portion of the liquid fraction accumulated in the bottom portion of the third distillation column 40 is discharged 
through the bottom outlet of the third distillation column 40, through a delivery line 48. In the above-mentioned 
embodiment, the alkyl alcohol is recovered as a first vapor fraction in the first distillation apparatus 20a, the alkyl 
ether of the heat-deteriorative aromatic hydroxyl compound is recovered as a second vapor fraction in the second 
distillation apparatus 30a and the heat-deteriorative aromatic hydroxyl compound is recovered as a third vapor 
fraction in the third distillation apparatus 40a. 

[0075] When the heat-deteriorative compound contained in the liquid mixture is catechol, the falling liquid films formed 
in the first, second or third reboiler are heated preferably at an average temperature of 1 20 to 240°C, more preferably 
1 30 to 220°C, still more preferably 1 40 to 200°C. 

[0076] Also, when the heat-deteriorative compound is an aromatic di- or more hydroxyl compound, the Reynolds' 
number (Re) of the falling liquid films formed in the vertical pipes of the first, second or third reboiler is preferably 700 
to 1 0.000, more preferably 2000 to 8,000, still more preferably 3200 to 7000. 

[0077] In the above-mentioned embodiment of the process of the present invention, the !i M uid fraction delivered from 
the bottom portion of the first distillation column comprises a concentrated aromatic di- or more hydroxyl compound or 
a mixture of a concentrated aromatic di- or more hydroxyl compound with at least one concentrated alkyl ether of the 
aromatic di- or more hydroxyl compound. Also, the liquid fraction delivered from the bottom portion of the second 
distillation column comprises a further concentrated aromatic di- or more hydroxyl compound. 

[0078] in the above-mentioned embodiment, the lower boiling temperature component contained in the liquid mixture 
to be fed to the first distillation apparatus contains an alkyl alcohol having a boiling temperature of 1 0 to 1 50°C, under 
ambient atmospheric pressure. Preferably, the lower boiling temperature component comprises a mixture of 60 to 
. _ _ — j .. a . Ik . . , lwl „ ^, W1 ww i /« wctyi u w-i a iuvvci airvy i aiuui iui r idvmy i lu h cctfuun dioms ana exnioiung 

a boiling temperature of 50 to 1 20°C under ambient atmospheric pressure with the balance consisting of at least one 
other organic or inorganic compound having a boiling temperature of -30 to 1 50°C ; more preferably -25 to 1 45°C under 
ambient atmospheric pressure. 

[0079] The lower alkyl alcohols is preferably selected from those having 1 to 4 carbon atoms, for example, methyl 
alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl aicohol and isobutyl alcohol. The other organic or 
inorganic compound can be selected from, for example, water alkylethers, for example, dimethyl ether and diethylether 
keto-ahphatic alcohol compounds, ketones, glycols, aliphatic carboxylic acid esters, aliphatic hydrocarbons, cy- 
cloahphatic hydrocarbons and aromatic hydrocarbons each having a boiling temperature of -30 D C to 150°C under 
ambient atmospheric pressure. 

[0080] In the liquid mixture for the first distillation, procedure (2), the higher boiling temperature component compris- 
es, for example. 30 to 70% by weight, particularly 35 to 65% by weight of an aromatic di-hydroxyl compound such as 
hydroqumone or catechol and 30 to 70% by weight, particularly 35 to 65% by weight of an alkyl ether of the aromatic 
dihydroxyl compound such as guaiacol or monoethyl ether of catechol. 

[0081] The aromatic dihydroxyl compound may be selected from those having a boiling temperature of 160 to 300°C. 
particularly 180 to 280°C under ambient atmospheric pressure and a heat deterioration-starting temperature of 200°C 
or more, particularly 250°C or more, for example, hydroqumone. catechol, resorcmol and substituted aromatic dihy- 
droxyl compounds, for example, 2-methyl catechol. 4-methyl catechol. 2-methyl hydroqumone. 2-chlorocatechol. 
4-chlorocatechol Among the above-mentioned compounds, hydroquinone and catechol are particularly suitable for 
the process of the present invention, 

[0082] The alkyl ether of the aromatic dihydroxyl compound include monoalkylethers of the aromatic dihydroxyl com- 
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r:.-as 'cexa^ce g^acc; anc catechol monoethyi etner and diaikyletne r s of the aromatic a^yd'cxyi composes 
* z r c-xr/ro.e c mctncxyserzeno arc: c ethoxyoe^zene Among the above-mentioned comocuncs gua;acci ana cate- 
:~o< monoetnyi etner are suitaoie for tne process of tne present invention 

[0083] Tne nauia mixture usaoie for tne first distillation procedure (2) of the process of the present invention Dre*erao:y 
:c~pnses 5 to 40% py weight of an aromatic dinydroxyl compound. 1 0 to 50% oy weight of an alky! etner of tne aromatic 
c "yaroxyi compound and 10 to 50°o oy weight of a lower alky I alcohol 

[0084] Tne aoove-mentionea liquid mixture for the first distillation procedure (2) may be a reaction liquid obtained 
oy an etherification reaction of a lower alkyl alcohol, for example methyl alcohol or ethyl alcohol with an aromatic 
o:nydroxy! compound, for example hydroquinone or catechol in the presence of a certain catalyst in a gas phase and 
containing a resultant monoalKylether of the aromatic dinydroxyl compound for example guaiacol or catechol mo- 
^oetnylether 

[0085] The reaction iiquid comprises a non-reacted lower alkyl alcohol for example, methyl alcohol or ethyl alcohol 
non-reacted aromatic dinydroxyl compound for example, hydroquinone or catechol, a target reaction product, namely 
a monoalkylether of the aromatic dihydroxyl compound, for example, guaiacol or catechol monoethyl ether and by- 
products including diaikylether of the aromatic dihydroxyl compound, for example, dimethyoxybenzene or diethoxy- 
oenzene. dialkyl etner for example dimethyletner or diethyiether. and a small amount of water. The above-mentioned 
compounds can be separated from each other and recovered by the process of the present invention 
[0086] In the process of the present invention, the distillation procedure (2). (6) or (10) can be effected under ambient 
atmospheric pressure a reduced pressure or an increased pressure Particularly, the first distillation procedure (2) is 
preferably carried out under a pressure of 1 01 to 2 0 atmospheres, more particularly 1 .05 to 1 5 atmospheres When 
the first distillation procedure is carried out under the above-mentioned increased pressure, even when the first distil- 
aton column is broken by corrosion, the increased inner pressure of the first distillation apparatus can prevent the 
penetration of air including oxygen gas into the distillation system and thus an ignition of ignitable compounds for 
example, dialkyl ether contained in the fed liquid mixture can be prevented and an explosion of the distillation apparatus 
can be prevented 

[0087] The aromatic dihydroxyl compound for example, catechol has a high heat-detertorative property and thus 
when the compound ts refined and recovered by a conventional distillation procedure, the compound is deteriorated 
by heat-decomposition, heat-polymerization or heat-modification, to a great extent, by the heating procedure in the 
r eboiler. In a certain case, by the heat-detertoration of the aromatic dihydroxyl compound, scale is formed on the inner 
surfaces of the vertical pipes of the reboiler, the heating efficiency of the vertical pipes is greatly decreased, and the 
falling of the liquid fraction through the vertical pipes is stopped Therefore, the distillation procedure cannot be con- 
tinuously carried out over a long period 

[0088] However, by the process of the present invention, the above-mentioned problem can be completely solved 
3nd the refining procedure of the heat-deteriorative compound can be industrially continued with a high stability over 
a long period 

EXAMPLES 

[0089] The process of the present invention will be further explained by the following examples 
Example 1 

[0090] A multi-component liquid mixture was prepared by an etherification reaction of catechol with methyl alcohol 
and a removal of a more volatile component from the reaction product mixture by distillation. The resultant crude 
reaction product mixture, namely the multi-component liquid mixture comprises 50.1% by weight of catechol. 47 0% 
by weight of guaiacol. and 2 9% by weight of other compounds (for example, heavy-duty compounds) and is fed in 
the state of a melt into the distillation apparatus as shown in Fig 1 at a feed rate of 5S3 kg/hr. In the feeding procedure, 
catechol was fed at a feed rate of 290.0 kg/hr guaiacol at a feed rate of 272.0 kg/hr and the other compounds at a 
feed rate of 16 5 kg/hr 

[0091] The distillation of the liquid mixture was continuously carried out under the conditions shown in Table 1 for 
40 days A target refined guaiacol was obtained as a vapor fraction, in a recovery rate of 253 kg/hr Also the liquid 
fraction, by the distillation, was recovered at a recovery rate of 300 kg/hr. In the recovered liquid fraction, catechol was 
recovered at a recovery rate of 272 kg/hr guaiacol at a recovery rate of 7 kg/hr the other compound at a recovery rate 
of 15.5 kg/hr and a heat-deterioration product at a recovery rate of 4 6 kgmr 

[0092] In the distillation apparatus, the distillation column was a packed column type of distillation column packed 
with a regular packing material and had a diameter of column of 900 mm The reboiler was of a iiquid film-faNmg type 
In the liquid film-falling reboiler the vertical heat-conductive pipes had an inner diameter of 21 .5 mm and a length of 
1500 mm and numbered 62 pipes 
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[0093] When me liquid fraction was circulated through tne liquid film-failing reboiler the flow rate of the circulating 
nquid per unit width of the neat-conductive area of the reboiler was 6865 kg/m.hr In this example the falling liquid 
*;:ms had a Reynolds' number (Re) of 50S5. determined from the above-mentioned data. 

[0094] In the principal conditions of the distillation procedures using the distillation column and the liquid film-falling 
reboiler. the circulating rate of the liquid fraction through the liquid film-falling reboiler was 26 m 3 /hr. the evaporation 
amount of the circulating liquid was 4% by weight, based on the total amount of the circulating liquid, and the solution 
viscosity of the circulating liquid fraction was 1.5 cps (5.4 kg/m.hr). 
[0095] The distillation conditions and results are shown in Table 1 . 

Table 1 





Multi-component liquid 


Vapor fraction delivered 


High boiling temperature 




mixture fed into distillation 
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[0096] Table 1 shows that in the refining process of the present invention for the heat-deteriorative compound (cat- 
echol), the heat-deterioration of catechol during the distillation procedure could be restricted to 0.1% by weight or less. 
Therefore, the target refined guaiacol could be recovered from the reaction product mixture with high stability over a 
long period, while preventing the heat-deterioration of the non-reacted heat-deteriorative catechol contained in the 
mixture. 

Comparative Example 1 



40 



45 



50 



55 



[0097] The same mu!ti-ccmpcnen; liquid mixture as in Example was subjected to the same distillation procedures 
as in Example 1 . except that the liquid film-falling reboiler was replaced by a conventional forced circulation type reboiler. 
[0098] As a result, it was found that catechol was heat-deteriorated in an amount of about 7% by weight, and the 
heat-deterioration product blocked the heat conductive pipes and other conduits in the reboiler and was accumulated 
in devices, for example, a transit tank, arranged in the circulating line. Therefore, it was necessary to often stop the 
distillation procedures for the purpose of cleaning the reboiler and the circulating line and devices. Generally, continuous 
operation period of the distillation procedures was limited to about two days. 

[0099] As mentioned above, the conventional distillation procedures applied to the heat-deteriorative compound 
(catechol)-contaimng liquid mixture, causes the heat-deteriorative compound to be heat-deteriorated in a high rate, 
and the distillation yield of the target product to significantly decrease, and thus a great industrial disadvantage to occur. 

Example 2 

[0100] A catechol-containmg liquid mixture was subjected to a continuous distillation for 40 days or more by using 
the distillation system shown in Fig. 3 comprising a first distillation apparatus 20a. a second distillation apparatus 30a 
and a third distillation apparatus 40a connected successively in series 

[0101] The catechol-containmg liquid mixture which had an average temperature of 55°C and comprised, in an 
average composition. 290 parts by weight of guaiacol. 274 parts by weight of catechol. 362 parts by weight of methyl 
alcohol. 47 parts by weight of water and 41 parts by weight of others, was fed in an average feed rate of 1014 kg/hr 
into the first distillation apparatus 20a including a first distillation column 20 (having a column diameter of 700 mm and 
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-■- "^e- cess^e c : 50 ^ c~ : acs. a-- a * "5* .:ou;d fi'm-fa^ng reooiicr 23 (wmcn had 145 vertical hest-cono.ctve 
c ces oar" * ~:\ "o a" ~~e r c:a^e:c- c* 2 " - mm .■ Tne *; rst distillation aDoarat us 20a was operated under the ccncr.ons 
s'-cwn ~ac:e 2 

[0102] m tne first actuation column 20. a vaoor fraction comprising methyl alcohol and a ncuid traction corny^ng 
: : auaiacoi ana catecnDi ?/e generated from the fed liquid mixture, and tne liquid fraction was accumulated in a octtom 
oortion of the first distillation column 20 circulated tnrough a delivery line 22. a iiquid-transDorting line 24 a naud hre 
29 and a first liquid *;lm-failing reboner 23 and returned into the bottom portion of tne first distillation column 20 at a 
location close to ano aoove the level of the accumulated liquid traction in the bottom portion through a returning line 
23a In tne first reboner. the liauid fraction fell in tne form of liquid films along the inner surfaces of a plurality of ventcai 
neat-conductive pices, while being heated by a heating medium under the conditions shown in Table 2 to evaporate 
a portion of the falling liquid films in an evaporation amount of 1 4°o by weight based on the total amount of the hauid 
fraction, per pass through the first reboner The evaporation temperature was 242°C on average The resultant mixture 
of evaporated portion and non-evaporated portion was returned into the bottom portion of the first distillation column 
20 The returned evaporated vapor portion exchanged heat with the liquid mixture fed into the first distillation column 
"5 20 to evaporate the lower boiling temperature component comprising methyl alcohol The resultant vapor fraction 
flowed upward through and was fractionated in a fractionating aevice as shown in Fig. 1 . The fractionated vapor fraction 
was delivered from the top portion of the first distillation column 20 through a delivery line 25a. The delivered vaoor 
fraction was cooled by a cooler 25 to condense the vapor fraction The condensed fraction was introduced into a liquid' 
vaoor separator 26 A non-condensed vapor portion was discharged from the separator 26 through a discharge line 
20 29 The condensed fraction was recovered from the separator 26 through a recovery line 27. Optionally, a portion of 
the condensed tract on was returned into the top portion of the first distillation column 20. The delivered vapor fraction 
had an average temperature of 84 3 C and comprised, in an average composition. 2 parts by weight of guaiacol: C part 
by weight of catechol, 36.2 parts by weight of methyl alcohol. 47 parts by weight of water and 22 parts by weight of 
others and delivered at a flow rate of 433 kg/hr. 
25 [0103] Also, the liquid fraction containing concentrated catechol and guaiacol had a temperature of 242 3 C and com- 
prised, in an average composition. 2B3 parts by weight of guaiacol. 272 parts by weight of catechol and 21 parts by 
weight of others A portion of the liquid fraction was recovered at an average flow rate of 581 kg/hr from the bottom 
portion of the first d=stillation column 20 through the liquid-transporting means 24 and a recovery line 23. 
[0104] The liquid fraction delivered from the bottom portion of the first distillation column 20 and having the above- 
30 mentioned average temperature and composition was fed into a middle portion of the second distillation apparatus 
30a including a second distillation column 30 having a column diameter of 900 mm and an inner pressure of 0.04 kg/ 
cm 2 abs and a second liquid film-falling reboiier 33 having 62 vertical heat-conductive pipes each having an inner 
diameter of 21 4 mm. The second distillation apparatus 30a was operated under the conditions shown in Table 2. 
[0105] In the second distillation column 30. a vapor fraction comprising guaiacol and a liquid fraction comprising 
35 catechol were generated from the fed liquid fraction 

[0106] The liquid fraction was accumulated in a bottom portion of the second distillation column 30. circulated through 
a delivery line 33 a liquid-transporting line 34. a liquid line 39 and a second liquid film-falling reboiier 33. and then 
returned into the bottom portion of the second distillation column 30 at a location close to and above the level of the 
accumulated liquid fraction in the bottom portion, through a returning line 33a. 
40 [0107] In the second reboiier. the liquid fraction fell in the form of liquid films along the inner surfaces of a plurality 
of vertical heat-conductive pipes, while being heated by a heating medium under the conditions shown in Table 2 to 
evaporate a portion of the falling liquid films in an evaporation amount of 4.0% by weight based on the total amount of 
the liquid fraction, per pass through the second reboiier The evaporation temperature was 155°C on average. The 
resultant mixture of the evaporated portion and the non-evaporated portion was returned into the bottom portion of the 
-5 second distillation column 30. The returned evaporated vapor portion exchanged a heat over thereby to the liquid 
mixture fed into the second distillation column 30 to evaporate the lower boiling temperature component comprising 
guaiacol The resultant vapor fraction flowed upward through, and was fractionated in, a fractionating section as shown 
in Fig. 1 . The fractionated vapor fraction was delivered from the top portion of the second distillation column 30 through 
a delivery line 35a The delivered vapor fraction was cooled by a cooler 35 to condense the vapor fraction. The con- 
so densed fraction was introduced into a liquid/vapor separator 35. A non -condensed vapor portion was discharged from 
the separator 36 through a discharge line 39. The condensed fraction was recovered from the separator 36 through a 
recovery line 37 Optionally a portion of the condensed fraction was returned into the top portion of the second distillation 
column 30 The delivered vapor fraction had an average temperature of 110°C and comprised, in an average compo- 
sition. 283 parts by weight of guaiacol 0 part by weight of catechol. 0 part by weight of methyl alcohol. 0 part by weight 
55 of water and 0 part by weight of others, and was delivered at a flow rate of 263 kg/hr. 

[0108] Also, the liquid fraction containing concentrated catechol had an average temperature of 155°C and com- 
prised in an average composition. 5 parts by weight of guaiacol 272 parts by weight of catechol and 21 parts by weight 
of others A portion of the liquid fraction was recovered at an average flow rate of 298 kg/hr from the bottom portion of 
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secona distillation coiumn 30 tnrough the liquid-transporting means 34 and a recovery line 38 
[0109] The liquid fraction delivered from the bottom portion of the second distillation column 30 and having the above- 
mentioned average temperature and composition was fed into a middle portion of the third distillation apparatus 40a 
ncluding a third distillation column 40 having a column diameter of 600 mm and an inner pressure of 0 04 kg/cm 2 abs 
' s and a third liquid film-falling reboiler 43 having 64 vertical heat-conductive pipes each having an inner diameter of 21 4 
mm 

[0110] The third distillation apparatus 40a was operated under the conditions shown in Table 2. 
[0111] In the third distillation column 40, a vapor fraction comprising catechol and a liquid fraction having organic 
compounds having a higher boiling temperature than that of catechol, were generated from the fed liquid mixture. The 
"0 liquid fraction was accumulated in a bottom portion of the third distillation column 40. circulated through a delivery line 
42. a liquid-transporting tine 44. a liquid line 49 and a third liquid film-falling reboiler 43 and returned into the bottom 
portion of the third distillation column 40 at a location close to and above the level of the accumulated liquid fraction 
in the bottom portion, through a returning line 43a. 

[0112] In the third reboiler 43, the liquid fraction fell in the form of liquid films along the inner surfaces of a plurality 

<5 of vertical heat-conductive pipes, while being heated by a heating medium under the conditions shown in Table 2 to 
evaporate a portion of the falling liquid films in an evaporation amount of 1 .4% by weight based on the total amount of 
the liquid fraction, per pass through the first reboiler. The evaporation temperature was 1 88°C on average The resultant 
mixture of evaporated portion and non-evaporated portion was returned into the bottom portion of the third distillation 
column 40 The returned evaporated vapor portion exchanged heat with the liquid mixture fed into the third distillation 

20 column 40 to evaporate the lower boiling temperature component comprising catechol. The resultant vapor fraction 
flowed upward through, and fractionated in. a fractionating section as shown in Fig. 1 . The fractionated vapor fraction 
was delivered from the top portion of the third distillation column 40 through a delivery line 45a. The delivered vapor 
fraction was cooled by a cooler 45 to condense the vapor fraction. The condensed fraction was introduced into a liquid/ 
vapor separator 46. A non-condensed vapor portion was discharged from the separator 46 through a discharge line 

-5 49. The condensed fraction was recovered from the separator 46 through a recovery line 47. Optionally a portion of 
the condensed fraction was returned into the top portion of the third distillation column 40. The delivered vapor fraction 
containing, as a principal component, catechol had an average temperature of 137°C and comprised, in an average 
composition. 5.0 parts by weight of guaiacol. 270.8 parts by weight of catechol, 0 part by weight of methyl alcohol, 0 
part by weight of water and 16.5 parts by weight of others and delivered at an average flow rate of 292.3 kg/hr 

30 [0113] Also, the liquid fraction containing concentrated higher boiling temperature compounds had an average tem- 
perature of 183°C and comprised, in an average composition. 0 part by weight of guaiacol, 1 1 parts by weight of 
catechol and 4.8 parts by weight of others. A portion of the liquid fraction was recovered at an average flow rate of 5.9 
kg/hr from the bottom portion of the third distillation column 40 through the liquid-transporting means 44 and a recovery 
line 43. 

35 [0114] The catechol-containing liquid mixture fed into the first distillation column 20 at a feed rate of 1014 kg/hr 
contained a heat-deterioration product of catechol in an amount of 3 1 kg/hr which corresponded to 1 . 1 3% by weight 
based on the amount of catechol fed into the first distillation column 20. namely 274 kg/hr. and the liquid fraction 
delivered from the first distillation rninmn 20 contained the heat-deterioration product of catechol in an amount of 4 4 
kg/hr which corresponded to 1 .61 % by weight based on the amount of catechol fed into the first distillation column 20. 

40 namely, 274 kg/hr. 

[0115] Also, the liquid fraction recovered from the bottom portion of the second distillation column 30 contained the 
heat-deterioration product of catechol in an amount of 4.6 kg/hr which corresponded to 1 .68% by weight based on the 
amount of catechol fed into the first distillation column 20. namely 274 kg/hr. 

[0116] Further, the liquid fraction recovered from the bottom portion of the third distillation column 40 contained the 
*5 heat-deterioration product of catechol in an amount of 4 8 kg/hr which corresponded to 1 .75% by weight based on the 
amount of catechol fed into the first distillation column 20, namely 274 kg/hr 

[0117] Accordingly, the increase in content in % by weight of the heat-deterioration product of catechol during the 
distillation procedures in the first, second and third distillation apparatuses was 0.62% by weight which was surprisingly 

low. 

50 [0118] In this example, it was confirmed that the distillation procedures could be continuously carried out for at most 
250 days, without a need of cleaning of the first, second and third reboilers 23, 33 and 43, which need of the cleaning 
caused the distillation procedures to be stopped 

[0119] The constitutions and operational conditions of the first, second and third distillation columns and reboilers 
and the contents of the heat deterioration product of catechol in the liquid fractions delivered from the first second and 
55 third distillation columns are shown in Table 2. 
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Table 2 
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Note: ... The content of catechol heat-detenoration product based on the amount of catechol contained in the liquid mixture fed to the first 
distillation column was l I3 : c by weight 



Comparative Example 2 

[0120] The same distillation procedures as in Example 2 were applied to the same liquid mixture as in Example 2 
except that each of the first second and third liquid film-falling reboilers was replaced by a conventional forced circu- 
lation reboifer 

[0121] After the distillation procedures were continuously carried out for more than 40 days, it was found that the 
catechol fed into the first distillation apparatus was heat-deteriorated in an amount of 30°o by weight or more by the 
first distillation therein and in each of the second and third distillation apparatuses, catechol was heat-deteriorated in 
an amount of 4 9% by weight based on the original amount of catechol fed into the first distillation column Therefore 
as a whole, the recovery of catechol was low 

[0122] Also, the heat-deterioration product of catechol caused the heat-conducttve pipes and the circulation lines to 
be blocked and/or was accumulated in the transit tanks and distillation columns. Therefore, the distillation procedures 
had to be stopped often (every two days), because the distillation apparatuses had to be cleaned. 
[0123] Further, in the distillation procedures of Comparative Example 2. catechol contained in the liquid mixture fed 
into the first distillation column was heat -deteriorated in a total amount of about 40% by weight, and thus a serious 
economical disadvantage occurred 

[0124] In the process of the present invention wherein a liquid film-falling reboiler is used in combination with a 
distillation column the heat-deteriorative compound-containing liquid mixture is fed into a distillation column and the 
resultant liquid fraction containing the heat-deteriorative compound is subjected to an evaporation procedure under 
specific conditions in the liquid film-falling reboner 

[0125] Namely the evaporation procedure is applied to the liquid fraction in the form of liquid films falling along the 
inner surfaces of the vertical pipes at a temperature lower than the heat-deterioration-starting temperature of the heat- 
detenorative compound and sufficient to evaporate the liquid fraction to such an extent that the liquid fraction evaporated 
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- amount corresponding to 1 tc 1 5°o by weight of the total amount of the liquid fraction introduced into tne reboiler. 
oer pass through the reboiler Under the above-mentioned specific conditions, the heat-deterioration of the heat-aete- 
norative compound can be prevented or restricted, and the breakage of the falling liquid films of the liquid fraction in 
the reboiier can be prevented or reduced. The prevention or reduction of the breakage of the falling liquid films con- 
tributes to preventing local heating of the heat-deteriorative compound at a high temperature and thus the heat-dete- 
noration of the heat-deteriorative compound can be prevented or reduced. 

[0126] Accordingly, in the process of the present invention, the lower boiling temperature component can be recov- 
ered as a vapor fraction, and the higher boiling temperature component can be recovered as a liquid fraction with a 
nigh stability, while preventing or reducing the heat-deterioration of the heat-deteriorative compound. Also, the distil- 
lation procedures can be continuously carried out over a long period 

[0127] The process of the present invention can be applied to a liquid mixture containing a heat-deteriorative aromatic 
hydroxyl compound, a lower alkyl alcohol and a ethenfication reaction product of the aromatic hydroxyl compound with 
the lower alkyl alcohol. By the process of the present invention, the aromatic hydroxy! compound can be protected 
from heat-deterioration and recovered in a high yield, and each of the lower alkyl alcohol and the etherification reaction 
product can be collected in a high yield. 



Claims 

1. A process for refining a heat-deteriorative compound contained in a multi-component liquid mixture by distillation, 
comprising the steps of; 

{1 ) feeding a multi-component liquid mixture comprising a lower boiling temperature component and a higher 
boiling temperature component containing a heat-deteriorative component, into a distillation column having a 
top outlet located in a top portion of the distillation column and a bottom outlet located in a bottom portion of 
the distillation column : the bottom outlet being connected to a liquid film-falling reboiler having a plurality of 
heat-conductive vertical pipes spaced from each other and arranged in a heating chamber through which a 
heating medium passes: 

(2) distilling the multi-component liquid mixture in the distillation column to generate a vaporfraction comprising 
the lower boiling temperature component and a liquid fraction comprising the higher boiling temperature com- 
ponent, in such a manner that (A) the liquid fraction is withdrawn through the bottom outlet of the distillation 
column and introduced into the reboiler to allow the introduced liquid fraction to fall in the form of films along 
inner surfaces of the vertical pipes; (B) the falling liquid fraction through the vertical pipes is heated by the 
heating medium passing through the heating chamber to a temperature lower than the heat-deterioration- 
starting temperature of the heat-deteriorative compound but sufficient to evaporate the liquid fraction, to evap- 
orate a portion of the falling liquid fraction in an evaporation amount in kg/hr corresponding to 1 to 15% by 
weight of the total amount in kg/hr of the hquid fraction introduced into the reboiler. per one pass of the liquid 
fraction through the reboiler (O) thp resultant evaporated and non evaporated portions of the liquid fiduiiun 
are withdrawn from the reboiier and returned into the distillation column through a returning inlet thereof located 
above the level of the liquid fraction accumulated in the bottom portion of the distillation column; and (D) the 
evaporated portion of the returned liquid fraction heat-exchanges with the multi-component liquid mixture fed 
into the distillation column to evaporate the lower boiling temperature component; 

(3) delivering the resultant vapor fraction comprising the lower boiling temperature component through the top 
outlet of the distillation column while allowing the resultant liquid fraction comprising the higher boiling tem- 
perature component to be accumulated in the bottom portion of the distillation column; and 

(4) recovering a portion of the liquid fraction accumulated in the bottom portion of the distillation column and 
comprising the higher boiling temperature component containing the heat-deteriorative compound from the 
bottom portion of the distillation column. 

2. The process for refining a heat-deteriorative compound as claimed in claim 1 . wherein the liquid films of the liquid 
fraction falling through the vertical pipes of the reboiler exhibits a Reynolds' number (Re) of 700 to 10.000 

3. The process for refining a heat-deteriorative compound as claimed in claim 1 . wherein the multi-component liquid 
mixture contains the heat-deteriorative compound in an amount of 5% by weight or more, based on the total weight 
of the multi-component liquid mixture. 

4. The process for refining a heat-deteriorative compound as claimed in claim 1 . wherein the heat-deteriorative com- 
pound has a boiling temperature of 1 00 to 400°C under ambient atmospheric pressure, a freezing temperature of 
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\z ano - '~£ai-ae'er;G r a;:cn-$;a-::n:; temperature of 150 to 400 3 C 

5. 'pg process tor refining a neat-aeteriorative compouna as claimed in claim 1 wherein the neat-deteriorative com- 
oc-"d 'S selected from aromatic compounds navinq one or more hydroxyl groups esters of aliphatic poiycarooxync 
ac:os witn aromatic nyaroxyi compounds and esters ot aromatic polycarboxylic acids with alkyl alcohols 

6. ^re process for refining a neat-detenoratrve compound as claimed in claim 5. wherein the heat-aetenorative aro- 
matic compounds having one or more nyaroxyi groups are selected from the group consisting of phenol guaiacol 
catecnol hydroquinone. resorcmol 2-methyl catechol 4-methyl catechol. 2-methyl hydroauinone, 2-chiorocate- 
c~ci and 4-cnioro catechol the esters of aliphatic poiycarboxyhc acids with aromatic hydroxyl compounds are 
selected from the group consisting of diphenyl malonate. diphenyl oxalate and diphenyl carbonate, and the esters 
of aromatic polycarboxylic acids with alkyl alcohols are selected from the group consisting of alkyl esters of biphe- 
nyitetracarDoxyhc acid and tetraalkyi esters of pyromelhtic acid 

7. The process for refining a heat-deteriorative compound as claimed in claim 1 , wherein the higher boiling temper- 
ature component contains, in addition to tne heat<Jeteriorative compound, a heat-resistive organic compound 
having a boiling temperature of 100 to 400 3 C under ambient atmospheric pressure 

8. The process for refining a heat-aetenorative compound as claimed in claim 1 . wherein the lower boiling temperature 
component comprises at least one organic compound having a boiling temperatures of 50 to 200°C below the 
boiling temperature of the organic compounds contained in the higher boiling temperature component under am- 
bient atmospheric pressure 

9. The process for refining a heat-detenoratrve compound as claimed in claim 1 . wherein the multi-component liquid 
mixture contains a heat-deteriorative aromatic compound having one or more hydroxyl groups and exhibiting a 
boiling temperature of 1 50 to 350°C under ambient atmospheric pressure, in an amount of 50% by weight or more, 
and at least one other organic compound soluble or compatible with the heat-deteriorative compound at a tem- 
perature of 100 to 300*C. 

10. The process for refining a heat-deteriorative compound as claimed in claim 1 . wherein the liquid films of the liquid 
fraction falling along the inner surfaces of the vertical pipes of the reboiler have an average thickness of 0. 1 to 5 mm. 

11 . The process for refining a heat-deteriorative compound as claimed in claim 1 . further comprising, when the higher 
boiling temperature component contained in the liquid fraction recovered in the recovery step (4) contains, in 
addition to the heat-deteriorative compound at least one organic compound having a boiling temperature tower 
than that of the heat-deteriorative compound, the steps of: 

(5) feeding the recovered liquid fraction into an additional distillation column having a top outlet located in a 
top portion of the additional distillation column and a bottom outlet located in a bottom portion of the additional 
distillation column, the bottom outlet being connected to an additional liquid film-falling reboiler having a plu- 
rality of heat-conductive vertical pipes spaced from each other and arranged in a heating chamber through 
which a heating medium passes: 

(6) distilling the fed liquid fraction in the additional distillation column to generate a liquid fraction comprising 
the heat-deteriorative compound and a vapor fraction comprising the organic compound having a lower boiling 
temperature than that of the heat-deteriorative compound, in such a manner that (E) the liquid fraction is 
withdrawn through the bottom outlet of the additional distillation column and introduced into the additional 
reboiler to allow the introduced liquid fraction to fall in the form of films along inner surfaces of the vertical 
pipes of the additional reboiler: (F) the falling liquid fraction through the vertical pipes is heated by the heating 
medium passing through the heating chamber to a temperature lower than the heat -deterioration-starting tem- 
perature of the heat-deteriorative compound but sufficient to evaporate the falling liquid fraction, to evaporate 
a portion of the falling liquid fraction in an evaporation amount in kg/hr corresponding to 1 to 15% by weight 
of the total amount in kg/hr of the liquid fraction introduced into the additional reboiler. per one pass of the 
liquid fraction through the additional reboiler: (G) the resultant evaporated and non-evaporated portions of the 
liquid fraction are withdrawn from the additional reboiler and returned into the additional distillation column 
through a returning inlet thereof located above the level of the liquid fraction accumulated in the bottom portion 
of the additional distillation column: and (H) the returned evaporated portion in the additional distillation column 
heat-exchanges to the recovered liquid fraction fed into the additional distillation column to evaporate the 
organic compound having the lower boiling temperature than that of the heat-deteriorative compound: 
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;7 i delivering the resuliant vapor I faction comprising the organic compound having a lower boiling temperature 
than tnat of the heat-detenorative compound through the top outlet of the additional distillation column, while 
allowing tne resultant liquid traction comprising the heat-deteriorative compound to be accumulated in the 
bottom portion of the additional distillation column; and 

(5) recovering a portion of the liquid fraction accumulated in the bottom portion of the additional distillation 
column and comprising the heat-deteriorative compound through the bottom outlet of the additional distillation 
column 

12. The process for refining a heat-deteriorative compound as claimed in claim 11 . wherein the film of the liquid fraction 
falling along the inner surfaces of the vertical pipes of the additional reboiler in step (6) exhibits a Reynolds' number 
(Re) of 700 to 10.000. 

13. The process for refining a heat-deteriorative compound as claimed in claim 11 , further comprising when the liquid 
fraction recovered from the additional distillation column in step (8) contains, in addition to the heat-deteriorative 
compound, at least one organic compound having a higher boiling temperature than that of the heat<Jeteriorative 
compound, the steps of: 

(9) feeding the recovered liquid fraction from the additional distillation column into a further additional distillation 
column having a top outlet located in a top portion of the further additional distillation column and a bottom 
outlet located in a bottom portion of the further additional distillation column, the bottom outlet being connected 
to a further additional liquid film-falling reboiler having a plurality of heat-conductive vertical pipes spaced from 
each other and arranged in a heating chamber through which a heating medium passes; 

(10) distilling the fed liquid fraction in the further additional distillation column to generate a vapor fraction 
comprising the heat-deteriorative compound and a liquid fraction comprising the organic compound having 
the higher boiling temperature than that of the heat-deteriorative compound, in such a manner that (I) the liquid 
fraction in the further additional distillation column is withdrawn through the bottom outlet of the further addi- 
tional distillation column and introduced into the further additional reboiler to allow the introduced liquid fraction 
to fall in the form of films along inner surfaces of the vertical pipes of the further additional reboiler: (J) the 
falling liquid fraction through the vertical pipes is heated by the heating medium passing through the heating 
chamber to a temperature lower than the heat-deterioration-starting temperature of the heat-deteriorative com- 
pound but sufficient to evaporate the falling liquid fraction, to evaporate a portion of the falling liquid fraction 
in an evaporation amount in kg/hr corresponding to 1 to 1 5% by weight of the total amount in kg/hr of the liquid 
fraction introduced into the further additional reboiler per one pass of the liquid fraction through the further 
additional reboiler; (K) the resultant evaporated and non-evaporated portions of the liquid fraction are with- 
drawn from the further additional reboiler and are returned into the further additional distillation column through 
a returning inlet thereof located above the level of the liquid fraction accumulated in the bottom portion of the 
further additional distillation column: and (L) the returned evaporated portion in the further additional distillation 
column heat-exchanges with the recovered liquid frartinn into the further additional distillation colui mil l<j evap- 
orate the heat-deteriorative compound: 

(11) recovering the resultant vapor containing the heat-deteriorative compound through the top outlet of the 
further additional distillation column, while allowing the resultant liquid fraction comprising the organic com- 
pound having higher boiling temperature than that of the heat-deteriorative compound to be accumulated in 
the bottom portion of the further additional distillation column; and 

(12) discharging a portion of the liquid fraction accumulated in the bottom portion through the bottom outlet of 
the further additional distillation column 

14. The process for refining a heat-deteriorative compound as claimed in claim 1 3. wherein the film of the falling liquid 
fraction along the inner surfaces of the vertical pipes of the further additional exhibits a Reynolds' number (Re) of 
700 to 10,000. 

15. The process for refining a heat-deteriorative compound as claimed in claim 1 . wherein (1 ) a multi-component liquid 
mixture comprising a lower boiling temperature component comprising at least one alkyl alcohol having 1 to 20 
carbon atoms and a higher boiling temperature component comprising a heat-deteriorative aromatic compound 
having two or more hydroxyl groups and an alkyl ether of the aromatic compound having two or more hydroxy! 
groups, is fed into a first distillation column having a top outlet located in a top portion of the first distillation column 
and a bottom outlet located a bottom portion of the first distillation column, the bottom outlet being connected to 
a first liquid film-falling reboiler having a plurality of heat-conductive vertical pipes spaced from each other and 
arranged in a heating chamber through which a heating medium passes: 
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2 \-Q 'ec ~u:t'-ccmponer,t nauia mixture is aistiHea in tne firs: distillation column to generate a vaocrU actic^ 
:cr - !Sl - :ne lower Do:i:ng temperature component and a hauid fraction comprising the ntgner boiling tem- 
perature component, in sucn a manner tnat (A) the liquid traction is withdrawn through the oottom outlet c: 
tne • -s: distillation column ana introduced into the first reDoner in which the introduced hauid fraction talis n 
tne to-m: of fnms along tne inner surfaces of the vertical pipes. (B) the falling liquid fraction is heated by the 
heating medium passing through tne neating chamoer at a temperature lower than the neat-detenoration- 
start'ng temperature of tne aromatic compound having two or more hydroxyl groups and nigh sufficient to 
evaporate the falling liquid fraction to evaporate a portion of the falling liquid fraction in an evaporation amount 
in kg'hr corresponding to 1 to 1 5°o by weight of the total amount in kg/nr of the liquid fraction introduced into 
tne first reooiler per one pass of the liquid fraction through the first reooiler. fC) the resultant evaporated and 
non-evaporated portions of tne liquid fraction are withdrawn from the first reboiler and returned into the first 
distillation column through a returning inlet thereof located above the level of the liquid fraction accumulated 
m tne bottom portion of the first distillation column; and (D) the evaporated portion of the returned liquid fraction 
heat-excnanges with the multi-component liquid mixture fed into the first distillation column to evaporate the 
lower boiiing temperature component, 

(3) the resultant vapor fraction comprising the lower boiling temperature component ts delivered through the 
top outlet of the first distillation column, while allowing the resultant liquid fraction comprising the higher boiling 
temperature component to accumulate in the bottom portion of the first distillation column: 

(4) a portion of the liquid fraction accumulated in the bottom portion of the first distillation column and comprising 
the higher boiling temperature component containing theheat-deteriorative aromatic di- or more hydroxyl com- 
pound is recovered through the bottom outlet of the first distillation column; 

(5) the recovered liquid fraction, which comprises the higher boiling temperature component comprising the 
heat-detertorative aromatic di- or more hydroxyl compound and the alkyl ether of the heat<ieteriorative aro- 
matic compound having a boiling temperature lower than that of the heat-deteriorative compound, is fed into 
a second distillation column having a top outlet located in a top portion of the second distillation column and 
a bottom outlet located in a bottom portion of the second distillation column, the bottom outlet being connected 
to a second liquid film-falling reboiler having a plurality of heat-conductive vertical pipes spaced from each 
other and arranged in a heating chamber through which a heating medium passes: 

(6) the fed liquid fraction is distilled in the second distillation column to generate a liquid fraction comprising 
the heat-deteriorative aromatic compound and a vapor fraction comprising the alkyl ether of the heat-derrvatrve 
aromatic compound having a lower boiling temperature than that of the heat-deteriorative aromatic compound, 
in such a manner that (E) the liquid fraction in the second distillation column is withdrawn through the bottom 
outlet of the second distillation column and introduced into the second reboiler to allow the introduced liquid 
fraction to fall in the form of liquid films along inner surfaces of the vertical pipes of the second reboiler: (F) 
the falling liquid fraction through the vertical pipes is heated by the heating medium passing through the heating 
chamber to a temperature lower than the heat-deterioration-starting temperature of the heat-deteriorative ar- 
omatic compound and high sufficient to evaporate the falling liquid fraction, to evaporate a portion of the falling 
liquid fraction in an evaporation amount in kg/hr corresponding to 1 to 15% by weight of the total amount in 
kg/hr of the liquid fraction introduced into the second reboiler per one pass of the liquid fraction through the 
second reboiler; (G) the resultant evaporated and non-evaporated portions of the liquid fraction are withdrawn 
from the second reboiler and returned into the second distillation column through a returning inlet thereof 
located above the level of the liquid fraction accumulated in the bottom portion of the second distillation column; 
and (H) the returned evaporated portion in the second distillation column heat-exchanges to the recovered 
liquid fraction fed into the second distillation column, to evaporate the alkyl ether of the heat-deteriorative 
aromatic compound having the lower boiling temperature than that of the heat -deteriorative compound; 

(7) the resultant vapor fraction comprising the alkyl ether of the heat-deteriorative aromatic compound having 
the lower boiling temperature than that of the heat-deteriorative aromatic compound is delivered through the 
top outlet of the second distillation column, while allowing the resultant liquid fraction comprising the heat- 
deteriorative compound to be accumulated in the bottom portion of the second distillation column: and 

(3) a portion of the liquid fraction accumulated in the bottom portion of the second distillation column and 
comprising the heat -deteriorative aromatic compound is recovered through the bottom outlet of the second 
distillation column 

The process for refining a heat-deteriorative compound as claimed in claim 1 5 wherein the liquid fraction recovered 
from the second distillation column contains, in addition to the heat-deteriorative aromatic compound at least one 
organic compound having a higher boiling temperature than that of the heat-deteriorative compound. 

(9) the recovered liquid fraction from the second distillation column is fed into a third distillation column having 



26 



EP 0 933 107 A1 



■a top outset iocalea in a top portion of the third distillation column and a bottom outlet located in a bottom 
portion of the third distillation column, the bottom outlet being connected to a third liquid film-falling reboiler 
having a plurality of heat-conductive vertical pipes spaced from each other and arranged in a heating chamber 
through wnich a heating medium passes: 

(10) the fed liquid fraction is distilled in the third distillation column to generate a vapor fraction comprising the 
heat-deteriorative compound and a liquid fraction comprising the organic compound having the higher boiling 
temperature than that of the heat-deteriorative compound, in such a manner that (I) the liquid fraction in the 
third distillation column is withdrawn through the bottom outlet of the third distillation column and introduced 
into the third reboiler to allow the introduced liquid fraction to fall in the form of films along inner surfaces of 
the vertical pipes of the third reboiler; (J) the failing liquid fraction through the vertical pipes is heated by the 
heating medium passing through the heating chamber to a temperature lower than the heat-deterioration- 
starting temperature of the heat-deteriorative compound but sufficient to evaporate the falling liquid fraction, 
to evaporate a portion of the falling liquid fraction in an evaporation amount in kg/hr corresponding to 1 to 1 5% 
by weight of the total amount in kg/hr of the liquid fraction introduced into the third reboiler, per one pass of 
the liquid fraction through the third reboiler; (K) the resultant evaporated and non-evaporated portions of the 
liquid fraction is withdrawn from the third reboiler and returned into the third distillation column through a 
returning inlet thereof located above the level of the liquid fraction accumulated in the bottom portion of the 
third distillation column: and (L) the returned evaporated portion in the third distillation column heat-exchanges 
with the recovered liquid fraction fed into the third distillation column, to evaporate the heat-deteriorative com- 
pound: 

(11 ) the resultant vapor containing the heat-deteriorative compound is recovered through the top outlet of the 
third column, while allowing the resultant liquid fraction comprising the organic compound having higher boiling 
temperature than that of the heat-deteriorative compound to be accumulated in the bottom portion of the third 
distillation column; and 

(12) a portion of the liquid fraction accumulated in the bottom portion of the third distillation column is discharged 
through the bottom outlet of the third distillation column. 

17. The process for refining a heat-deteriorative compound as claimed in claim 15. wherein the lower boiling temper- 
ature component contained in the multi-component liquid mixture fed into the first distillation column comprises 60 
to 1 00% by weight of aikyi aicohoi having 1 io 4 carbon atoms and 0 to 40% by weight of organic compound having 
a boiling temperature of -30°C to 1 50°C under ambient atmospheric pressure and different from the alkyl alcohol. 

18. The process for refining a heat-deteriorative compound as claimed in claim 1 5, wherein the higher boiling temper- 
ature compound contained in the multi-component liquid mixture fed into the first distillation column comprises 30 
to 70% by weight of at least one member selected from the group consisting of hydroqumone and catechol and 
30 to 70% by weight of at least one member selected from the groups consisting of mono- and di-alkyl ethers of 
hydroqumone and catechol 

19. The process for refining a heat-deteriorative compound as claimed in claim 15. wherein the multi-component liquid 
mixture fed into the first distillation column comprises 5 to 40% by weight of an aromatic compound having two 
hydroxyl groups 10 to 50% by weight of at least one alkyl alcohol having 1 to 4 carbon atoms, and 10 to 50% by 
weight of at least one member selected from mono- and di-c 1 -c 4 alkyl ethers of the aromatic compound having 
two hydroxyl groups. 

20. The process for refining a heat-deteriorative compound as claimed in claim 15, wherein the multi-component liquid 
mixture is a liquid containing etherification reaction products of an alkyl alcohol having 1 to 4 carbon atoms with 
aromatic compound having two hydroxyl groups, and contains at least one member selected from mono- and di- 
alkyl ethers of the aromatic compounds having two hydroxyl groups. 

21. The process for refining a heat-deteriorative compound as claimed in claim 15. wherein the distilling step in the 
first distillation column is carried out under a pressure of 1 .01 to 2 0 atmospheres. 
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